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(54) Title: TRANSGENIC NON-HUMAN ANIMALS CAPABLE OF PRODUCING HETEROLOGOUS ANTIBODIES 
(57) Abstract 

The invention relates to transgenic non-human animals capable of producing heterologous antibodies and transgenic non- 
human animals having inactivated endogenous immunoglobulin genes. In one aspect of the invention, endogenous immunoglob- 
ulin genes are suppresed by antisense polynucleotides and/or by antiserum directed against endogenous immunoglobulins. He- 
terologous antibodies are encoded by immunoglobulin genes not normally found in the genome of that species of non-human 
animal. In one aspect of the invention, one or more transgenes containing sequences of unrearranged heterogolous human immu- 
noglobulin heavy chains are introduced into a non-human animal thereby forming a transgenic animal capable of functionally 
rearranging transgenic immunoglobulin sequences and producing a repertoire of antibodies of various isotypes encoded by hu- 
man immunoglobulin genes. Such heterologous human antibodies are produced in B-cells which are thereafter immortalized, e.g., 
by fusing with an immortalizing cell line such as a myeloma or by manipulating such B-cells by other techniques to perpetuate a 
cell line capable of producing a monoclonal heterologous antibody. The invention also relates to heavy and light chain immunog- 
lobulin transgenes for making such transgenic non-human animals as well as methods and vectors for disrupting endogenous im- 
munoglobulin loci in the transgenic animal. 
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TECHNICAL FIELD 

n ^ 4-« -t-ransaenic non-human 
in The invention relates to transgen 

1 animals capable of producing heteroiogous antibodies, 
transgenes Used to produce 

transgenes capable of ^.^"^"Z capabie of 

D gene In V-D-J recombination, ^"^"f trans ,enes for 
15 producing heterologous antics. » " , 

producing heterologous antibodies ° £ f ln , 
methods ana transgenes for — fj^ethods and 
expression of endogenous imm ™°9 l0bUlin ^ Mherein a 
transgenes for producing l"*"-*" 0 ^?^. as 
J0 variable region sequence "^"^^ r egion sequences, and 
compared to g.rmline rearranged -"able ha ving a 

transgenic nonhuman animals f f^,, anti ,ens. 

human primary sequence and which bind 

" BACKGROUND OF THE INVENTION 

one of the major pediments facing the development 
of in vivo therapeutic and diagnostic applications for 
monoclonal antibodies in humans is th« wben 
30 immunooenicity of non-human -^^^ therapeutic 
Umunocompetent human patients ients proau ce 
aoses of rodent monoclonal antibodies the P 
antibodies against the ^""^^T^-** 
human anti-mouse antibodies i"^^^ lt ls 
35 antibodies and can cause acute are reactive 

. uV- t-« nr-oduce human immunoglobuixns 
^icif ic human antigens that are promising therapeutic 
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, • that bind specifically *ith human antigens is 
immunoglobulins that bina ^_ 

problematic. ^rolooy for generating monoclonal 

The present technology f g ^ 

antibodies involves ^'^°^'J f harveS ting B-cells from 
, (usually a rat or mouse ) with antigen,^ _ ^ By 

that animal, and generating a lib * ^ binding 
screening a hybridoma ^ for immuno globulin 

specificity (idiotype) and also hybridoma cl ones 

class (isotype) , it is P oss ; b ^ 

4-* -hv.o desired antibody. 
L0 that secrete the desir f<jr 9enerating 

However, when purpose of 

^clonal ha ve binding specificities 

generating human anybodies " tM wnioh pro duce 

for human antigens, obstaole , sillc e humans will 

15 human immunoglobulins seI lnst se if-antigens . 

typically not ma*e gating human 

Henc . r ^^^^ncally reactive with 
monoclonal antibodies that are J evideJ)t that 

human antigens are clearly ^«^ clonal antibo dies to 
20 the same limitations on ^^eZor,^ species are used 
authentic self antigens apply where n 

~€ n-cfills for making tne ny^ 
as the source of B cells _ nsaenic animals harboring a 

The construction of transgenic 

actional heterologous ™^" £ ^ may be 
25 by which antibodies reactive w th self ^ 
produced. However, m order briao ma clones 

therapeutically ^ *f ^ansgenl animal must- produce 
producing such antibodies, the tra g ^ , 

transgenic B cells that are «* ab ^ f Mturation requires the 

30 *^ t ZZZZfZZ'JZ-*> B celXs, however 

presence of surface Ig^ therapeutic uses. 

' isotypes other than and animals harboring 

Thus, there is ^ ^ fancti onal V-0-, 

such transgenes that are a dlV ersity and 

facilitate isotype switching from a first 
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required for B cell saturation to a subsequent isotype that 
has superior therapeutic utility. 

A number of experiments have reported the use of 
transfer cell lines to determine the specific DNA seances 
Quired for I, gene rearrangement (reviewed by Lewis and 

Jlert ,1,..). celi. ». ^ 588 > • SUCh ^T^e 
identified putative sequences and concluded that the 

edibility of these sequences to the recombinase e„ z ymes 
used for rearrangement is modulated by ™»^ e 

n ear-palindro. c h t - less ^ ^ ^ ^ 

nanomer separated by a spacer oi 

(1983,, MSKS. aSS. "5-581; Hesse, et al <1989, Se^s_ 
Z 3.1^1061). Efficient recombination reportedly 
^"only between sites containing recombination signal 
sequences with different length spacer regions^ 

Ig gene rearrangement, though studied m tissue 
culture cells! has not been extensive* examined in transgenic 
oniv a handful of reports have been publxshed 
" 7:~J£r^*^ test constructs introduced into m ce 
WinJet a, (.3., „, ^ -9 41! (unread 
chicken X transgene) ; Goodhart, et al. (1987) , _ 
^^^^Sci^USA, M, 4229-4233) (unrearranged rabbxt , gene) 

25 and Bruggemann, et al. (19B9J , _ The reS ults of 
6709-6713 (hybrid mouse-human heavy chain) ] . The r 
67 uy o/i~> , . aV , le i n some cases, 

such experiments, however, have been varxable, xn 
producing incomplete or minimal rearrangement of 

30 "^'Further, a variety of biological functions of 

bv the Fc portion of molecules, 
antibody molecules are ^ ^ basophils ^n 

such as the interaction with mast cells or P is 
Pee, and binding of complement by Fc, or Pc 7 , it 
desirable to generate a functional diversity of antibodies 

35 a given specificity by ^^^^^ gener ated that 
Although transgenic anxmals nave d« y 
incorporate transgenes encoding one or more chains of a 
heterologous antibody, there have been no reports of 
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«,»t undergo successful .isotype 
heterologous transgenes that u g „ 
switching. Transgenic animals th si le 

Umited to proving ^ a to producing an 

isotype. and more •"^^ ^ juration, such as IgM 
5 isotype that is essential fo ^ the rap.utic utility. 

^ possibly I*>. " h f £o ^: rologous immunoglobulin 
Thus, there is a need for hetero 9^ ^ ^ 
transgenes and transgenic anima » ^ ^ de velopinent to an 
snitching from an isotype nee e • therapeutic use. 

l0 isotype that has a desired characteristi ^ ^ ^ 

Based on the orego^g. 

exl sts for methods "^J^ by , ene tic sequences of a 
antibodies, e.g. antibodies enc ^ ^ speoies . More 

first species that are P roda ° e for heterologous 

« particularly, there is a need aninals that are 

immunoglobulin transgenes and tra g angaJn ent that 

capable of undergoing functional V-D ^ ^ 
incorporates all or a portion <* * ° ' ^er, there is a 
contributes to recombinational *« e ^ aninals that can 

2 „ need in the art for -^^^^l*-** " ^ <" 
support W ^^"It may =«ur, and (2) 
functional B cell ™ V ° bodies may be 

therapeutically useful o£ , oe Us which 

produced. There is also a no noclonal 
25 can be used to ma*e ^^^^ ln the particular 
antibodies for therapeutic or ^° St ; C heterologoas 
species for which they ^Afunctional V-0-, 
immunoglobulin transgene «^ le switc hin, could 

recombination and/or capable of isotyp 

30 fulfill these needs. fore going object transgenic 

In . accordance with the forego g ^i,,, a 

„<™,ls are provided which are capable or p 
nonhuman animals are p ant ibody. 
heterologous antibody sucb as a h ^ ^ ^ 

Further, it is an o j ^ expressing 

35 such transgenic animals which are cap immort alized 

vinrt'les wherein sucri a cexx=> 
heterologous antibodies wner antibody specific for a 

to provide a source of a monoclonal antibo y 

particular antigen. 
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•«->, i-Ms foreqoing object, it is a 
in accordance with this rorey * „ oVIS 
in da hvbridoma cells 

fur ther object of the Mention to ^ ^ 

that are capable of producing such heterol g 
antibodies. herein to pro vide 

Still further it - ^ °J inflnunoglobuli n heavy 
heterologous prearranged and rearrange 
aTfiU chain trances useful for Producing «» 

„ methods «TsU endogenous — >~ » ~ 
«ans,e„ic a„i,a^ ^ ^ ^ ^ ^ to pro ^ e 

B ethods to induce heteroiogous — -~ » ^ 

„ t aenerate an immunoglobulin variable region gene 
methods to aerate an construct one or more 

segment repertoire that is usea 

transgenes of the invention. provi ded solely 

The references discusse* > £ ^ present 

20 for their disclosure prior « ^^ nstrued as an 

application. Nothing herein is fl to ante date such 

admission that the inventors are not entitled 
disclosure by virtue of prior invention. 



25 



30 



35 



SUMMARY OF THE INVENTION , e 

i = 31 - e orovided which are 
Transgenic nonhuman animals are pr 

capable of producing a b«-W»^ * f 
antibody, such heterologous antibodies may b 

isotypes, including: 1*1 . ^ns'genic I nonhuman 
WW W>. °* r » E - In OTder ' se ttTs necessary for the 
ani mals to ma*e an "J^' t \ oduce surface-bound 
transgenic « -lis and P« « c 1^ ^ 

immunoglobulin, particularly deve iopment and 

isotype, in order to effectuate ^^ZsiL of an XgM (or 
antigen-stimulated -""^T^ ^ y require d' during the 
!,„, surface-bound »» no * lobUl ™ ^"^Jdevelopment, and 
antigen-stimulated maturation phase of B 
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^■r isorypes, although only a 
Mture b cells may at a time. 

single switched Uotype^y be P^ ^ ^ wU1 produce 

Typically, a ceil lt hough els or trans 

only a single isotype at a time, a natorally with the Ms 

5 alternative SNA splicing, such as^ oec ^ ^ ^ ^ { 

(s ecreted an, <»^— contemporaneous 
immunoglobulin chains, may lead ^ Tnere fore, 

session of multiple isotypes b as* 
border to produce heterologous antihodi ^ 

» isotypes. ^-X^TZ ^^e switching 
and !gE isotypes. it » / fae classical class- 

occttr . such isotype -™; e ay or Mre non -classical isotype 
switching or may result from one 

i5 — * r — n proves 

transgenes *nd — ^ U capable of 

transgenes, wherein the «ansg . sotypes w 

producing b^ 010 ' 0 ^^ classical isotype switching 
undergoing isotype switching. at least one 

2 „ occurs by -ombinat ™ eve^ts^ich^ 

switch sequence regxon in eXam pie, homologous 

isotype switching may occur by, for «» ({ _ 
combination between hurnan^ and switchlng 
associated deletion) . Mter int erchromosomal 
25 mechanisms, such as "^^Jj and effectuate isotype 
recombination, among others, " y no nhuman animals 

switching. Such «ansgenes a„d tran.g ~ ^ ^ 
produce a first immunoglobulin switch to encode 

antigen-stimulated B cell ^^"/ro^ous isotypes tbat 
30 and produce one or more subsequent hete , 

to ve therapeutic and/or able to produce, in 

nonhuman animals of the inven i ^ ibodles that are 

one embodiment, IgS, ana '° J fences and which 

. encoded by human ^"^^th ..^affinity. 
35 also bind specific human antigen wlth^h , ^ ^ 
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20 



immortalized to provide a source of a monoc lona -"body 
specific for a particular antigen. Hybridoma cells that are 
a Lived from such B-cells can serve as one source of such 
heterologous monoclonal antibodies. 

The invention provides heterologous prearranged and 
rearranged immunoglobulin heavy and Xight chain "ansgenes 
capable of undergoing isotype switching in vivo m the 
^mentioned non-human transgenic animals or in explanted 

* „* B-cell lineage from such transgenic 

TZTZ*,Z*:^ « occur -ntaneously or be 
induced by treatment of the transgenic animal or explanted B 
lineage lymphocytes with agents that promote isotype 
switching, such as T-cell-derived lymphoKmes (e.g., II- 

■ still further, the invention includes methods to 
induce heterologous antibody production in the aforementioned 
mduce neter « wner ein such antibodies may be of 

transgenic non-human animal, wnerein a _ Tia en- 
variol isotypes. These methods include producing an antigen 
"lated £» response in a transgenic nonhuman animal for 
generation of heterologous antibodies, particular y 
heterologous antibodies of a switched isotype (i.e.. I*. I*. 

I?E) ' This invention provides methods whereby the 
transgene contains sequences that effectuate isotype 
; Pitching, so that the heteroiogous immunoglobulins produced 
transgenic animal and monoclonal antibody clones 
Ltved from the B-cells of said animal may be of various 

isotypes. ^ inyention furtner provides methods that 

» facilitate isotype switching of the transgene, so that 

£aolUtate 1SOTyP ,_ nalar isot ypes may occur at much higher 
. switching between particular isotyp I 
or lower frequencies or in different temporal orders than 
typically occurs in germline immunoglobulin loci. 
regions may be grafted from various C H genes and 

5 SETc. genes in a transgene construct; such grafted switch 
sequences will typically function independently of the 

associated C„ gene so that switching in the transgene 
constat wi"ll typically be a function of the origin of the 
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■ = Alternatively, or in combination 
associated switch ^ d dele tio„ sequences may be 

with switch sequences. «-ass° non _ c i ass ical switching 

linked to various C B genes ,to cUted deletion 

by deletion of sequences between ^ so that . 

s sequences. Thus, a transqene ma ^ sequence 

particular Ch gene is ^ freqU ently than occurs when 
and thereby is switched *^ more ^ ^ 
the naturally associated switch , g ^ ^ 

^is invention sequences has occurred 

10 Whether isotype ^^f^, an i^unoglobulin transgene. 
a transqenic animal containi 9 lin transqene 

Tbe "rr; o =^ ^-qxobuun ™- 

constructs and methods for pro ^ gentline 

constructs, some of which incloQ e deletions,. 

15 immunoglobulin Method *« 

The invention includes a speci ^nsgenes, 
doning and construction of immune, 1^ ^ ^ 

in volvin, a -ctor that emP ^ ^ 

restriction sites flanked by ini o£ xhol and sail 

20 method elicits the ^f^f ^creatinq large constructs 
restrictions sites and is usef fragments in a 

by ordered concatemerization of restri 

T he transgenes of the. ^^^^"TU. 
25 chain transqene ^--jCnt. one fining gene 
gene seqment, one diversity g se< ™ ent . The 

segment and one -^."•"^ comprises DNA encoding at 
i^unoglobulin liqht chain transqene P^ ^ ^ 
least one variable qene segment 3 
30 one constant region qene are ne terolo,ou S to 

the light and heavy chain gene segm ^ ^ 

the transgenic heavy and light 

or correspond to, DNA encoding l conslstin , of the 

chain gene segments from a spe ^ ^ inventio „, 

35 transgenic non-human animal^ ^ gene 

- the transqene is constructed n earranged so as to 

segments are unrearranged, i.e., chain . suc , 

encode a functional immunoglobulin ligh 
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segments (functional rearrangement) chains 
resultant rearranged immunoglobulin heavy and/or Ugh 
wt'in the transgenic non-human animal when said animal 
5 expose, " antigen. ^ ^ 

ana light immunoglobulin transgenes comprise re ativ £ ^ 
fragments of unrearranged heterologous DW. ~* * 
typically comprise a substantial P™ ° f heterologous 
10 the case of heavy chain. D, ^s f rom hetero ^ 

immunoglobulin locus. In addition ^ segments, 

comprise a substantial portion of the variable gene s gm 

in one embodiment, such transgene constructs 
comprise regulatory seguences, e.g. ^^V^"^ 
15 cl ass switch regions. ^^^1 "logout, 
corresponding to sequences derived from incorpora ted 
Al ternatively, sue, regulatory serene ^ 
into the transgene from the same or relat 
non-human ani»al used in - in A-nsgene 

20 immunoglobulin gene segments * use in a 

with a rodent immunoglobulin enhancer sequenc 

transgenic mouse. . transgenic non-human 

in a method of the invention, a transge 

animal containing germline -£^£££2*. 
25 immunoglobulin transgenes - ^ « „ to 

D -cell differentiation ^ in . secondary 

induce production of a heteroiogo 
repertoire-ell^ ^ ^ _ 

non-human animal to be used in _ posi tive-negative 

. and methods ^V^^T^ that it targets 

selection vector, which is =°" s "u segments encoding 

35 IZZZEZ* in the invention^ - ~ 
segments include diversity, joining and constant regi 
segments. In this aspect of the invention, the 
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<-,vr is contacted, with at least 
positive-negative ani m a l after which 

one embryonic stem cell posltive -negative selection 

cells are selected wherein the P ^ ^ aninaX 

vector has integrated into tn 9 tran splant a tion , 

s by way of homologous ^"^^ M is substantially 
th. resultant transgenic "° ulin _ Bed iated immune 

incapable of punting an immune gl q£ ^ yector 

response as a result de£iclent no „-human annals 

into chromosomal Dffi. S d(s£icie ncies or 

10 may thereafter be used £ " ^ / imun oglobulin heavy and 

used as the recipient of heter 

Ught chain «^ e "^ n ides vectors, methods, and 

The invention also pr el£pr ession of one or 

compositions useful for «W»^« ut disr uptin, an 

„ more species of i-™^*^.'*^ methods are useful for 
oogenous immunoglobulin locus^ ous 
suppressing expression of one or mo ^o,, of one 

Junoglobulin chains ^ins. UnliKe 

or more transgene-encoded —»« imBU noglobulin chain 
2 „ genetic disruption of ^ ^ chal „ egression does not 
locus, suppression of immun g ^ „ 

require the time-consuming *r eedi g ^ 
establish transgenic •^ 1 ^' ldm . of suppression 
endogenous Ig locus. An additl on ^ that , in 

25 as compared to engognous I, ^ is revers ible within an 

a ^ Ja embodiments, chain suppre ssion may be 

dividual animal. For example « and ^^sing 

accomplished with: (« ~ ^^.J to an endogenous xg 
ant isense » ««t spec ^ oligonucleotides that 
30 chain gene sequence (!) Ig oha in gene 

specifically hybridize bind specifically to an 

sequence, and (I) immunoglobulins th 

endogenous Ig chain nerein are provided solely 

The references d " OU ^ d date of the present 

epplication. Nothing herein . » fl ^ antedate suc h 

^hat the inventors are nuu 

admission tna-c . . _ n 

^closure by virtue of prior invention. 
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BRIEF DESCRIPTION OF THE FIGURES 
• n I»icts the complementarity determine 
1 ! P f cD« and framevorK regions FR1, FR2, 
regions CDR1, CDR2 and CDR3 and expressed 
5 FR3 and FR< in -rearranged gen m c ™ * 

= roarranaed immunoglobulin ne«*vy 
trcB a rearrang ^ ^ x ^ locos , 

Fil 3 dePicts. the human « chain locus, 

! teoicts the human heavy chain locus, 
, ^oicts a transgene construct contains, a 
L0 Fig. 5 depicts a « g ^ ^ contalns 

rearranged IgM gene ligated d by a 7 oo bp tragment 

human ,3 and ,x constant ^guence . 

containing the ra ^ iQn map o£ the human « Cham 

Flg . 6 is a restri ^ t chain 

„ <-..<„« the fragments to be used ™ 
15 locus depicting * ^ vo hoBOl ogous recombination. 

«ansgene by way * »^ construo tion of pGPL 

contained in pGPl- used t o construct a 

Fig. 9 depicts the fragments usea 

20 ^ - the invention. 

human heavy chain transgene of G1 and pcoNl. 

Fi g. l0 depicts the <»£^ZJ*. «hich are 
Fig. U depicts the human 0,1 ^ 
inserted into pRE3 (rat enhancer > ^ pc0[| _ 

„ Fig. 12 ^Picts the construct ion P 

Fig. 13 depicts the o£ the 

region seoments used in construction of the 

inVenti ° n ng . l4 depicts the construction of pHIG2 <D segment. 

30 containing plasmid) . _ on *. s covering the human Jk 

Fig. is depicts the fragme* >" \ transgene ot 
' ^ human c. gene segments used in constructing 

lnVent n 9 : » depicts the structure of 

Fig. - depicts the construction ^ ^ . 

P1 gs. m through IS. dep ct £^ disruptin9 
positive-negative selection vector for f 
Le endogenous heavy chain immunoglobulin 
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Figs. 1» t"°»? h 19C ^ P itr fictionally disrupting 
positive-negative ^ chain l0 ci in mouse. 

L oogenous ---^Ipict the s— - ' — 

^l^T^t ~« ~ structure - a mouse 

haavy chain ^ et f 9 .^f^ e map of vector pGPe. 

sr. s = - — = r = sl 

pHCl and pHC2. structure of P7©2- 

Fig . 26 depicts the s ^ pVGEi> 

Fig . 27 depots the . ^ ^ Ig 

Fi g. 28 depicts the assay r 

5 • ^ n«ci transgenic mouse. 

expression in a pHCl tr 9 of pJCK l. 

° ^ minims ^ct^, ZZZZ oC _ 

Fig. 32 is a scnem chaxn 
ohain Siccus construct p^ a„ d tne 

s — - STUS: 1^ reconstruct function^ 

" rearrangedUght ^ results 

Z 3S aSi- - — - " EUSA 

serum from * presentation of P-smid 

30 Fxg " 

— 37 d.^ t. — .vrrs: 

^e of the present invent! on ^ *~ ' „ (37B) ^ 
IgS and IgK l«eXs specific for K 
35 BSA-DNP (37C) . demonstrating the presence 

F1 g. 38 shows ELIS& data a antigen (CEA) 

of antihodies that hind ^ ^^7Zs r-*~* 
and comprise human , chains; each pan 
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serial dilutions from pool- serum sampies obtained from mice 

23 randomly-Lsen cDNAs --Z^^ZZ ^1 
10 tissue of Hd transgen c mic ^ 

carcinoembryonic antigen CSM as p 

ttansgene sequence (top Une) , on alter ation 
relative to germline sequence are shown 
in aeduced amino acia sequence (if any th ^ ^ 
15 corresponding to heavy chain CDR1. CDR . ^ 

inaxcated. N on-germline encoded »» , * rt ^" in lower cas e 

capital letters. Celine V^sx ana ^ 
Utters. Deduced amino add changes are g 
nucleotide sequences using th conventional singl 

20 n0tatl ° n - Fig . 41 shows the data fro, Fig. 40 in Histogram 
r iy . ^ ... ^_ • - eh own as tne 

format, deduced amino acid residue posi : « show ^ 

ordinate , left is the ^^^S^..; frequency of 
the direction towards the carooxy 

- — ^ifzzzr^ of a 

£ ragment. designated v.S 3 — 

deduced amino acid sequences of the v K 

shown; splicing and recombination signal sequences 

30 «— /— « r-JSS-. sequence of a human - 

fragment, delignated v M ,, -^^^Tr £ 
deduced amino acid sequences of th. V, coding 9 
shown,- splicing and recombination signal sequences 
35 (heptamer/nonamer) are shown boxed ^ ^ ^ 

Fl q. 44 show the f segMnt; the 

£ ragment, designated v.ea.s -™ c ^ n / regions «. also 
deduced amino acid sequences of the v K 
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sh own ? spring and recombination -g- — 
(nept amer/nonamer) are shewn boxe . Qf a human DNA 

Fig . 45 show the nucleot.de q ^ 
Trvfi5 15, containing a v K y 
fragment, designated vk65.i=>, ^ regions are 

5 ^ deduced ^^^^ signal seguences 
also shown; splicing ana re 

(heptamer/nonamer) are shown boxe . ^ mi nilocus 

Fig . 4S ^r^^^oLrMpi-, -agments 
by homologous recombination between 

10 which were co-injected. seauence of vector pGPe. 

Table 1 depicts the sequenc 

. seauence of gene v tT*- 

Table 2 depicts the «^ IgM and Ig6 

Table 3 depicts the detection 
in the serum of transgenic mice o «^ 

' 4 dePi T ^distribution of J segments 

Table 5 depots the t o J 

incorporated into pHCl transg e ^ lyl „p„ocytes 

segments found in adult human peripheral 

( £,EL) • • » ,k. distribution of D segments 

Table . ^ 1C "*!^ od ed transcripts to D 
incorporated into pHCX «- sg ^ blood ly mphocytes 

segments.found in adult human penphera 

(PBL) . tta lenot h of the CDR3 peptides from 

Table 7 depicts the length « a nsgenic 
• ». „ith in-frame VDJ joints in the pm- 
25 transcripts with in n. 

mouse and in human PBL. dieted amino acid sequences 

ofth _crr;otir:u^^.- . 

„ —Table . shows transgenic mice of ^ 

used in the indicated experiments. U ^ ^ ^ ig 

of the respective transgene, (++) 

1. for the J„D knockout transgene. 
homozygous for ^ u H 

DETAILED DESCRIPTION 

— ^ttn -r^apeutic and,or 

human antigens that ^ 
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diagnostic targets. However, producing human immunoglobulins 
that bind specifically with human antigens is problematic. 

First, the immunized animal that serves as the 
source o£ B cells must make an immune response against the 
presented antigen. In order for an animai to make an 
response, the antigen presented must be foreign and the animal 
must not be tolerant to the antigen. Thus, for example, if it 
is desired to produce a human monoclonal antibody with an 
idiotype that binds to a human protein, self -tolerance will 
prevent an immunized human from making a substantial immune 
response to the human protein, since the only epitopes of the 
antigen that may be immunogenic will be those that result from 
polymorphism of the protein within the human population 

(allogeneic epitopes) . 

second, if the animal that serves as the source of 
B-cells for forming a hybridoma (a human in the illustrative 
given example) does make an immune response against an 
Lhentic self antigen, a severe autoimmune disease may result 
in the animal. Where humans would be used as a source of B- 
cells for a hybridoma, such autoimmunUation would be 
considered unethical by contemporary standards. 

one methodology that can be used to obtain human 
antibodies that are specifically reactive with human antigens 
is the production of a transgenic mouse harboring the human 
immunoglobulin transgene constructs of this 1 »™" t ""- 
Briefly, transgenes containing all or portions of the human 
immunoglobulin heavy and light chain loci, or transgenes 
containing synthetic "miniloci" (described infra, and in 
KI/W»1/M1M filed August 28. 1991) which comprise essential 
, functions elements of the human heavy and light Cham loci 
are employed to produce a transgenic nonhuman animal. Such 
transgenic nonhuman animal will have the capacity to produce 
immunoglobulin chains that are encoded by human immunoglobulin 
genes, and additionally will be capable of making ■».—»• 
5 response against human antigens. Thus, such transgenic annals 
can serve as a source of immune sera reactive with specified 
human antigens, and B-cells from such transgenic 
be fused with myeloma cells to produce hybridomas that secrete 
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„ • that are encoded by Human, immunoglobulin 
mo noclonal antibodies » „ witn human antigens, 

genes and which are speclfical y containi „g various 

Pr°duct 10 n of «^ d previo usly. 

£or ms of immunoglobulin „ u , ht .hain genes 

5 R earran,ed mouse — » 

h ave been used to produce «^ inoluding the » or ,1 
functionally ~™*^ E 1L in transgenic mice, 
constant region have COBpr ises 
However, experiments in wh , immunoglobulin 

10 unrearranged (V-D-J or ^ producin g incomplete 
genes have been variable, in transgene . However, there are 
or minimal rearrangement of th or arranged 

no published examples of eit suecessfu l isotype 

^unoglobulin transgenes »h oh u nde „ 

15 switching between C, genes Within 
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fh. term "antibody" refers to a 
„ used herein, polypeptide chains 

glycoprotein comprising at le ^ ^ ^ ^ Ught 

and two heavy polypeptide region (gene rally the 

polypeptide ^Um c«^- DOlypept ide chain) which 
amino terminal portion of the p ™J antigen . Eac h 

contains a «^.*-» * ^ chains also comprises a 
of .eavy and ug« polyp^t ^ ^ 

constant region of the polyp p ^, iate the binding of 

carboxyl terminal portion, ^l u^r. including 
the immunoglobulin to host tissues ^ c ells and 

various cells of the immune ^"^^ conpUM „t system, 
the first component (Clq) ° £ antibody" is defined 

R s used herein, a isB proo ucing 

in .elation to the ^^antibody having an amino 

s „oh an -tibody.^t is d f „ d^ as corresponding to 

acid sequence or an encoding ne transgenic 

that found in an organism not consisting 

„on-human animal. _ „ neteroh ybrid antibody" refers to 

an antibod^Cr^t and heavy chains of different 
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an antibody having a human 
organismal origins. For example, an antxbo y 
Jvy chain associated with a murine Ixght chaxn xs 
het erohybrid antibod.^ ^ ^ ^ body 

5 class (e.g., XgM or XgC,, that is encoded by heavy chaxn 
const ant ^ ^ n .the 

p „non by which ^-^^ " £T 
changes from one Ig class to one ^ 

&«; used herein, "nonswitched xsotype rerer 
L0 As used here , produce d when no isotype 

isotypic class of heavy chaxn that xs pr 

switching has taKen ^^^^^^J?*^*** 
nonswitched isotype is typxcally the 

^stream from the ^ to 

, c As used herexn, the term swn-u «i 

15 for switch recombxnatxon. a 

tnose DNA serenes iT^^" 1 .^ regi on, -XI be 
"switch donor" sequence, typically > C deleted 
S, tl .... upst.ee., of the --^^ac ^or" -ion 
during the switch recombination. The swi 
2 0 will be between the construct region to * *e eted^ ^ ^ 
replacement constant region <••«•■*•' oceurs> «„ £i „al 
„„ =oecific site where recombination always oc 
Tenrseguence will typically not be predictable from the 

construct s ^ „ glycosyla tion pattern" is defined 

the oattern of carbohydrate units that are covalently 
as the pattern ot ca immunoglobulin 
attached to a protein, more specxfxcaiiy t ^w^., 
attacnea uo * = heterologous antibody 

protein. A glycosylate pattern of a heter g 

ho .characterized as being substantially sxmilar to 
can be characterizes * „ a «. U rallv on antibodies 

-. t i„ R r> a n-prns which occur naturaxiy 

more similar to said pattern * £rom 
35 of the nonhuman transgenic animal than to th P 
v c aenes of the transgene were derived, 

which the £ "specific binding" refers to the 

property of the antibody: (1, to bind to a predetermined 
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t 1 x 10 7 H* 1 , and (2) to 
an tigen with ««* a " . 

preferentially bind to the pr ^ . ts affinlty 

affinity that is at least two fold g BSA, casein) 

for binding to a non-specific =ntigen ( 

oth er than the P^^y-curring.. as use, herein as 

The ten. "naturally ^ ^ ^ object ^ be 

applied to an object " fers BOlyp eptide or polynucleotide 

foU nd in nature. For example a P yP 

sequence that is present in an or, ^ ^ ^ Mt 

that can be isolated from a source in is 
been intentionaUy modified by man in th 
naturally-occurring. in re£ers to a 

Th e term -rearranged - «- ^ . munoglobulln 

configuration of a heavy chain iraiedia tely adjacent 

locus Wherein a V ^Conformation encoding essentially a 
to a D-J or J segment in a cont ^ rearranged 

complete V H or V L domain, respec ^ by OOBpariS on to 

immunoglobulin gene locus can o ^ ^ ^ ^ 

js^^U^^ 1 ^ — - e eonflgura tion.. 

Th e term "unrearranged or ^ ^ ^ ^ 
as used herein in reference to a g» ined s o as to 

configuration wherein the V segment is 
be immediately adjacent to a D or 

Th e design of a — a 

!0 responds to foreign ^^f^^o^ . 
antibody repertoire, regu „ ith in the transgenic 

immunoglobulin transgenes =o«aine ^ 

— function «^T2S^. «— ° f 3 

development. In a preferred mciodes isotype switching. 

35 heterologous heavy chain inventlon ar e constructed 

Accordingly, the «*^ enM " and one or more of the 
so as to produce *^ ""^Z^. specific expression, 
following: d) high level and cell yP n of and 

(2 ) functional gene rearrangement, (3) 
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. to allelic exclusion. (4) expression of . sufficient 
response to allelic e transducti0 n, (6) somatic 

primary "perto.re of the transaene antibody 

hypermutation, and (') 

locus during the immune response. disclosure, 

A s will be apparen, : Jrom ^ 

not all of the '-^^j^,,, imBU1 ,oglobulin loci 
ttose embodiments *«^»^ f ^J OB . uy Erupted, the 
of the transgenic animal are tun Further, in 

transgene need not activate allelic 
those embodiments wherein the transgene comprises 

functionally rearranged ^^^^-.l "~ 
immunoglobulin gene, the secon c - 
rearrangement is unnecessary , at least f 
which is already rearranged. For bacKgro 

.l-m, see yi^. w «nta.' TminoloflY. 2na eait 
" ^UUamT: ZrZZ^TZZ, which is incorporated 

her ein by "fe-c^ ^ ^ 

_ rearranged, unr ear ranged or 

. a1e __ e orovided that contain rearrange, 

20 rrinaSorof -«««- and --"--ne:Tr us 

immunoglobulin heavy and light chai, ; 

transgenes comprises ai: -e<* ^ 4oT , a i isotvpe switch 

heavy chain transgene may contain functona ™ 
25 sequences, which are capable of in B " 

of * ^r^rcTntmrrri -i— - - 
r s i ::ir=r s Lturaiiy , «. rr in 

locus from the species that serves as the sou 
30 transgene c„ genes, or such switch sequeno es y 

from those which occur in the species tha s ^ 
transgene construct <the "^enei n ^ 
human transgene construct that is used P 
mouse may produce a higher frequency of 
35 events if it incorporates switch as 
that decur naturally in the mouse heav^ chai 
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not Switch sequences 
wh ereas the human switch clo ning methods, 

Md e be isolated ^* " overlapping synthetic 

or may be synthesized de novo^ ^ sequence 

OU9 °Tt^r» iZo,lo- ta switch region - 
5 information relating to 18;7305 . 731 6 (l»9l); 

(Mi lls et al., HuEl^aiis_E« - , , unic n are 

Sideras et al.. Bit 1 THW** - I- 631 

incorporated herein transgenio animals, 

Por each <*»*J£J and U9ht Chaln 

10 functionally rearranged heterol g ^ signUicant fraction 

immunoglobulin transgenes are ^ percent) , 

of the B-cells of the t---c = 1 ( ^ ^ ^ 

The transgenes of the in variable 
cbain transgene comprising D»A encoding at 1 

» gene segment, one -i—"^^' gen e segment. The 

segment and at least one constant reg * encoding at 

JLoglobulin light chain transgene ^ 
least one variable gene segment, one ,oini H ^ 
at least one constant region gene segment^ « g 

20 encoding the ^^^-Z^ * -at they 

rr^rrr-rrLpond r - : — ts £rom . 

^unoglobulin heavy ^^Z^^L*, — 
species not consisting of the constructed such 

25 one aspect of the invention, the a „ ged , i.e., not 

ttat the .dividu. - rn^rnarimmunoglobulin light 
rearranged so as to enuo fransa enes support 

- ~" ^ f r.TST enlTegments functional 
recombination of the V °, * ^corporation of all or 

30 rearrangement) and preferably supp resulta „t 

a portion of a D region gene ^ ^nsgenic 

. rearranged immunoglobulin heavy chain within 

non-human animal when exposed to antl, . coBprise 
m an alternate embodiment, the tr ' 

a ..„<„i-locus». Such transgenes typically 
35 an unrearranged "mini locus . d j se gments as 

comprise a substantial portion of the C ^ ^ 
well as a subset of the V gene proinot ers, 
constructs, the various regulatory sequences, e.g 
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einlice-donor and splice- 
enhancers, class switch ■ £ raconbinatio „ si ,„als 

and the ll*e. ccpr.se cor ' seque „ ces may be 

the heterologous DMA. sucn r 9 rela ted 

5 Corporate* into the transgene from the earn, ^ 
species of the non— an ma fee co]nbined in 

exampie. ^ "^T^^ — ^ 
a transgene with a rodent 1 synthetic regulatory 

use in a transgenic -rein such 

10 seguences may *™°l^ s \ xe not hM ologous to a 

synthetxc regulatory sequen rurally in 

actional ON. seance that is « ^ ^ are 

the genomes of mammals. Synthetic i sample, 
designed according to consensus rules, such as, fo 
» Jose specifying the permissible sequences of a splice 
acceptor site or a animals 

l T cel - -in a heavy and light transgene 
containing contains rearranged gene 

" herel ! Titn tie o^er containing prearranged gene segments. 
20 ^ r-efrrrr/emoodiments, the rearranged = ~ a 

li9ht 

transgene is a neavy v-na* 




• *™ c ture of all immunoglobulins is based 
The ^^ fll f polypep tide chains and two 
upon a unit -nsxstxn^ of two 1 g ^ ^ 

heavy P^^^^rlable ligh! chain region and the 
30 regions known as the variable ^ immunoglobulin 
constant light chain region. , S ^^ d ^ variable 

. ^«--*«»s two regions designated 
h eavy chain heavy chain region, 

heavy chain region and the c chain ±b 

The constant region for the heavy * 

35 by genomic ^^J" ^ ^parti^r 

constant region gene _(C B ) immunoglobulin, 
heavy chain gene segment Refines - 1 « 
Tor example, in humans, the ft const a 
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d efine the X*. class of >" tib ° dy ^HennesThelgG class' of 

, t3 or T4 «" sta ^ i re9i "; glasses «G1 through 
antibodies as well as the I* • ^.^ gene seam ent 

similarly, the use of a «l ° r * u as the subclasses 

, amines the I* class - ' as 

<g A l ana 1*2. *- ^ - ^ # 

define the IgD and IgE antlbo ^ Ught 

The variable regions of ^J^^ bindln , 
immunoglobulin chains together con ^ aive rsity in 

0 _in of the -ib binding to a wide range 
this region of the am:i i init ial or primary 

„ f antigens, the DHA . nttBbe r of different DNA 

repertoire variable f^^,, variable region 

segments derived from families P ^ 

l5 gene segments. variable (V) gene segments and 

region, such families compose reglon 
joining (J) ^ne segments. . segm(mt and one j 

of the light chain is encoded by one J j 
,ene segment each selected «^^ h . orga nism. In the 
20 segments contained in the ^ DNA encoding the 

case of the heavy chain region of the heavy 

i^tial or primary se ^ent, one heavy 

— comprises one chainj^ ^ j ^ ^ eacb 

chain diversity (D) gene segm families of 

25 selected from the appropriate V, D and^ 

immunoglobulin gene segments in ge sequences that 

in order to increase ' it is pre ferable 

contribute to forming -^J^^U* sequences that 
t^t a heavy chain transgene include inoorpora te 
„ support functional ln a rearrange* ~* 

all or part of a D r g t i percent of 

gene sequence. Typically, at include 
expressed transgene-encoded heav> . chains <or^ ^ f ^ My . 

recognizable 0 region "^j^ne-encoded V regions 
35 at least about 10 percent of transg * preferably at 

include recognizable D -gion sequ^ ^^J. ^ 50 

le ast about 30 ^^^iX ^^ 
percent include recognizable D reg 
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A recognizable D region sequence is generally at 
le ast a^ eight consecutive — — - 
sequence present in a » « ° ^ fcy ^ D 

transgene ana/ or the amino acid sequen 
5 region nucleotide sequence ^ ■ ^-encoded 

incl udes the P looat ed in the V region 

containing the sequence 5 TAACTG _ 

between a V gene segment sequence .»* * J ' 9 ^, 1Mno ., 

sequence is recognizable as «»»»™ " ° ~ example , If a 
10 specifically a DHQ52 sequence. a transgene- 

transgene includes the D region 

encoded heavy chain polypept.de , v gene 

sequence -DAF- located in the V regie ^ ^ 

15 Zi"T-C=r= Staining a D region sequence. 

. ■ n t-eaion sequences may be recogm* 

addition, some D regi* qu con3acative D region sequence 
not correspond identically nuc , eotide sequence S-- 

2 „ in the transgene. For example a nuc eotl ^ ^ ^ 
CTAAXTGGGG— 3 where X IS A T ^ seqa(mce 

a heavy chain V region and flanked by 
and a , region gene sequence, can be recogn ed a 
^responding to the «« ^ _ -DAFDI- , 

25 Similarly, for example, the polyp J d on the 

-DYFDY- . or -GAFDI- located in a V region an ^ 

*.™<t,»1 side by an amino acid sequence enco 
ammo-terminal side by car boxyterminal 

acIHI^enled by a transgene , gene 

il^^tuj. — — c rr 

35 sequence. An amino acid -S— iS 

. recognizable as a 0 region sequ n-if . ^ y ^ 

located in a V region and is acid sequence) 
sequence (nucleotide sequence or deduced 
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•a hv a J qene sequence (nucleotide 
and on the other side by a J g and , the sequence 

sequence or deduced amino a ^^LtilllY ^ * 3 *"» 
is substantially identical or encod ed amino acid 

D gene sequence (nucleotide sequence or 

5 sequence). ^ ot ,titv" as used herein 

The term "substantial identity ic 

d enotes a -"^J^^T^-- * ^ 

acid sequence. wherein the P yp P ^ ^ sequence , 

50 percent sequence identity o p ^ nt seljaence 

.0 and the nucleic acid se = Tbe perce ntage of 

identity compared to a ret „. ttding „aii deletions or 

sequence identity is ^ c ent of the reference 

additions which total less than 35 percen ^ ^ ^ 

sequence. The "^^Z^i™™ , the reference 
- sequence such as an nt « ^ ^ ^ _ . f 

sequence is at least rasld ues Ion, in the 

polynucleotides, and at i refe rence sequence is 

case of a polypeptide. Typically, th ^.^ 
. at least 8 to 12 nucleotides or at least nucleotiaes 
2 0 and preferably the reference sequence is 

«-r- a-t- least 5 amino acias. 
or more, or at ieas» i ar itv" denotes a 

The term "substantial similarity 

Character^ of an - • 

calculated by scoring identical amino / 

conservative amino acid ^"^J^on is one that 
positional -native amino « d subst^^ , ^ 

result from a singl ' amlno a cid where a codon 

30 amino acid is replaced By aoid 
for the first ^Ifsuhstitution. Thus, for 

can differ by a Single ™ is subs tantially 

example, the sequence -Lys » since ^ codon 

similar to the sequence -Asn-Asp .^c-GAC-MC-CTU- 
na-AGA-GUU- can be muta-cea 
35 sequence ° stit ution mutations, single 

by introducing only 3 *< amtl . four ori ,i„al codons. 

nucleotide substitutions m sequenc e. 
The reference sequence may be a subset 
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sttC h as an entire » gene; ^ 
at le ast 4 amino residues long 1 the 

sequence is at least 5 amino acids, and P 
Terence seguence is « a*ino acids or .ore. 

giKo Primn ry p^T-noire 

Th e process for generating DNA ™ 
« tiaht chain immunoglobulin genes occurs primarily in 
and light chain i ^ q£ varlous 

developing B-cells. Prior ^ ^ c(jnstant (c) 

immunoglobulin gene ^ part , in dusters of v. 

gene segments are found for ^ q£ prinary 

D, J and C gene segments in th p ^ f(>r a 

repertoire B-cells. Generally all ° se imity 

, heavy or light chain are located in relatl y 

^„ e uc h qenomic DNA priox 
on a single L^obulin gene segments is 

recombination of the vario _ DNA. During 

referred to herein as ^ ^ appropr iate famUy 

B-cell differentiation, one of e« ^ ^ ^ ^ ^ 

0 members of the V, D, J (or on * forB £unoti onaUy 

chain genes) gene segments are such 
rearranged heavy and "^^^region — * " 
functional rearrangement is of ne 

£ orm DHA -coding a "^J^ «*-»^- 

» segment rearrangement process appears to ^ 
first, heavy chain D-to-J joints are made ^ 
— v-to-D, joints -^-^jr liable region in 
encoding this initial form ..functionally 
a light and/or heavy chain « "^"L the case o£ the heavy 
30 rearranged DNA" or »re-ra„,ed ™; heayy chain D NA» 

chain, such DNA is ^^"^ D L is referred to as 
and in the case of the W £ is used to 

-rearranged light chain DNA wansgenes of the 

describe the functional rearrangement of the 

35 invention. ( ,^. h1e reaion gene segments 

ra e ^ i " ati0n / £ 1 ^ 1 : ha : n Xiable regions is 
to form functional heavy and Ugh t chain ^ ^ 

mediated by recombination signal sequenc 
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, v D and J segments. KSS's 
recombinationally competent reoombin ation, comprise a 

necessary and sufficient to direct^ ^ ^ ^ 
ay ad-symmetric heptamer an AT ^ signals 

spacer region of either « ^ ^ and species that carry 
« ar e conserved among the ditt £anc tionally 

5 :: t ( or v-,, -^ i ^;: r and et ar al . ( »..>. ^ 

interchangeable. See 0et ""*^ erein . T he heptamer 
U17.1S23 and references cited th £oU<jwed „ y a 

comprises the sequence M« - 1 a nonaBer ha ving the 
10 spacer of -conserved --nce^d ^ 

sequence 

ACAAA&ACC or i- y ^ D gene segment 

on the J, or downstream side, _ j ate aga m 

mediately preceding the germline ^ and ^ 

two recombination signal sequences, sequenoe . T he 

15 the heptamer again «P arat "\^ ces 4oUo wing a V L , 

heptameric and nonameric "«>~~ ding the J,. D or J, 

segment are compiementary to those P s ^ 

!Lnts With Which they recombine. rs 
segments Wl sequences are either 

heptameric and non long 

u^i-upon 22 and 24 case f d j 

long or between rearrangement of V, 

in addition to the rearr »^ ^ ^ primary 

segments, further "* ht Chain W "I °* 

repertoire of immun , and , segments in the 
variable recombination nt s of the heavy 

light chain and between the D and ate d by variation 

^ain. such variable ^Js are jo ined. such 

in the exact place at which occurs wi thin the last 

variation in the light chain typical Y ^ ^ , 

codon of the V gene ^^n, — °" ^ 

segment. ^^VX^ * segments and may extend 
chain chromosome between t . ^rthermore, several 
over as many as 10 ^"»" d «; the D and , B and between 
nucleotides may be inserted be« „ y genoB ic 

the V H and D gene -^^^ is Known as H-region 
35 DNA. The addition of these 

diversity. rearrangement, transcription of 

M ter VJ and/or VW rearr g reglon 
^ rearranged variable region and one 
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ts located downstream fro, the rearranged variable 
gene secants located transcrip t which upon 

region produces a primary » whlcft encoaes a 

appropriate HHA splicin ^ results x ^ ^ heavy 

£U 11 length heavy or 1* , „ce to effect 

and light chains include ^ iBmuno<; , loou iin into 

secretion through and/or insert ^ ^ enC oding. this 

tne transmembrane region of tn e]ton of the V 

signal seance is "^^J^ of the heavy or light 
segment used to form the regula tory sequences are 

;r 0 ;rr eroded ^^s^-. — 

polypeptides which upon proper assoc 

form an antibody ^J"***' rearra nge m ents in the 

5 .The net effect of such r recombinati on 

variable region gene segments ana 

production of a 

which may occur during such '"J;""*' each B . cell which has 
primary antibody reperto— a-~JT. ^ ^ 
differentiated to this stage. P iation process, 

,0 repertoire antibody. During this dif 
• cellular events occur which suppress thej^ 

rearrangement of gene segments oth ^ by 

25 allelic exclusion. 

lkL _- L rnnt^-Y ^^ertoire 

B . c ell clones expressing ^^J^ 
30 the set of sequences comprising th, ' B e ca use 
immediately available to ™^ t *° £ J ple VJ and V DJ 
of ihe limited diversity generated y pri]narv 

fining, the ~ ^ ! 

response are of « 1 "" e ^ if( , 1 re s pons e= precursors of 



35 



response are of £ x response = precursors of 

o£ B-cells maRe up this precur sors of secondary 

primary antibody-forming cells an P 59!lo „. 1059 (1989) ). 
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^. QT , C The other B-cells 

respond to initial exp 

pendent duration pathway^ matura tion of antigen 

During the T-cell depen anti body 
, plated B-cell clones. ^ ° tMO Mays : the constant 

' Molecule on the -U surface change* ^ sequence o£ t he 
region switches to a non-Ig« » sin gle amino acid 

variable region can ^"^^er affinity antibody molecule 
substitutions to •*^ t-f each variable region of a 

As previously indicated, ^ dooain . 

LO fc ,i n contains an anciy«= 

heavy or light Ig chain conx nUC leic acid 

rZs been -^^on ^4 «- — 
sequencing that somatic mutati ^ ^ee 

ocTurs throughout the V ^ =*» CDR3 > ^ 

„ complementary determining reg ion d , (Kabat et a!. 

15 referred to as ^^f^^^^ <»»» U " S - 

^r^nTof^ealth and Human S ^ C DB2 are 

"corporated herein by referent ^ ^ ^ ^ is 
20 located within the liable J- y ^ , gene 

largely the result of recomb nation^ ^ tbe 
segments or V, D and J gene segm a or 3 are 

liable region "^ewcX regions designated «. ». 

25 "arranged » is -tated to , ve ^ ^ £or 
altered Ig molecules. Th ° S * eJtpande d by helper 

tt e foreign antigen are **£*^ MoD of the expressed 
T-cells, giving rise to results in expression of 

3„ antibody. Clonal the «1. * «*/« » 

clones containing new mutation «x ^ also ocour 

regions. ^iT- — - ~ ^ 

which influence the sp 
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sU a rtllPW q Heterg iog asDec t of the 

Transgenic non-human ^ 

s invention are produced W ^^J; (4i scussed 

immunoglobulin transgenes of ^ ^ non _ human 

hereinafter) into a zygote « ear y ^ ^ ^ 

animal. The non-human * nlBals is capable of rearranging 

ge nerally comprise any mammal J***^ _ antibody 

10 immunoglobulin gene segments t P for 
response, such nonhuman transge ^ 

example, £^ tra „sgenic animal species , 

transgenic cattle, an ^ ^ art< A 

particularly, Italian s P e " eS ' the mouse or other 

15 particularly preferred non-hu^an aniiaal 

members of the rodent family . ^ ^ use of 

However, the invention is not ^ 

mice . Kather, any ^^^^ response „ - 
mounting a primary and second* y imates , such as 

20 used, such animals include 7"^^, other members 
chimpanzee, bovine, ovine, an P ^ ^ 

of the rodent family, e.g. rat, rabbit and 

pi g. Particular preferred animals are mo 

guinea pig, most P^»«* ^ invention , various gene 
. in one embodiment of the ^ ^ ^ 

segments from the human genome are embodiment, 
chain transgenes in an prearranged form 

- -T^e^^ei: transgene have 

distinguishable from the endogenous ^ 
segments in the mouse genome. They » ^ not 

rearranged form in «» form in B-cells. 

consisting of B-cells and in ^ inV e nti on, the 

I„ an alternate embodiment of 
tea „sgenes comprise -arranged^ ^ ^ 

immunoglobulin transgenes. Speci ! re arran,ed VDJ or VJ 

corresponding to functiona ly^ ^ arg also 

segments, contain immunoglobulin DNA 
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. -^able from the endogenous — Wi » 
clearly distinguishable rr 

g ene segments in the mouse ^ also refle cted 

such differences in DNA s q ^ 
to the amino acid sequence en code J ^ ^ fcy 
5 immunoglobulin transgenes as c P n ^ aoi d 

TOOU se B-cells. Thus, hum- ^™ a non . huB an animals 

fences may be speci£ ic for immunoglobulin 

of the invention with an "° buUn gene segments, 

epitopes encoded by h ^ n * m ™°! alning un rearrahged 
transgenic ^^functionally 
ttansgenes from human or other P £unctlonally rearranged 
toe appropriate gene segment t ^ ^ ^ readily 

lig ht and heavy chair^ by sueh rearranged 
apparent that the antibody , en ^ 1S 

15 transgenes has a DKA '"^^^red in the nonhuman 
neterologous to ^"^^ention. 



-practice the invention 



SI., an "unrearr 
20 hea vy chain transgene- comprises - — ^ _ joining 
variable gene segment, one diver y ^ 
g e„e segment and one °°^™ cbsin trans ,ene are derived 
the gene segments of said h ^ DNA encoding 

25 £ rom, or has a f /"^segments from a species not 
immunoglobulin heavy chain gene gm ^ transgene 

consisting of the nonhuman an»aX > ^ .ganged 

is introduced. Similarly. « comprises DMA encoding 

^oglobulin light chain transgen ^ 

3 0 at least one variab, -~£T^~ segme nt wherein each 

«t least one constant regi « ^ derived trOT or 

• g ene segment of said M"*^ ^ encoaing immunoglobulin 

Ls a sequence corresponding", « ^ of the 

light Chain ,ene segments frorn^ ^ ^ ls 
35 non-hiwan animal into whic 

introduced. ^ transgenes in this aspect 

such heavy and light cba * e segments in 
of the invention contain the above-identif 
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an prearranged form. Thus, inte ^°* 6 * * ^ween the V and J 
segments in the heavy chain transgene and 

segments on the light chain transgen are^^ ^ 
recombination signal sequences (BSS ^ ^ ^ 

transgenes also include appropriate RNA P 
join a constant region gene segment with 

segment, e.g. <* and C-yl £rOT ups tream from each of 

— -it- - i0nS "; e r :^ r na aowns^eam from the 
the constant region gene segmen reooJlbina tion between 

variable region gene segments to e^r ^ ^ 
such constant regions to allow ^ ^ 

switching, e.g. from IgM to IgG. transcript ion control 

immunoglobulin transgenes also contax trans ^ 
sequences including promoter regions situ ^ 
the variabXe region gene segments ^^J^ as . 
«ti». A Promoter region ca, , be def ned PP ^ 
, DNA sequence that, when operably downstream 

sequence, can produce transition of th Qnal 
seance. Promoters may require ^ prese ^ 
linxed cis-a=ting sequences in orde ^ P participa te 
inscription, rn addition oth r~*> _ 

5 ^ r: TTamre o° £ f seances that participate in 

r^- - — - "err i^*-* 

fished iU^^^^^lii^^ 

30 



z.:t><sJ--o*' \ proc Matl. £ ^«d. Sci._ 

8ji:840-844 (1989); Stavnezer et =1-, - ^^^^ 

8^:7704-7708 (1988, , and Hills et al ^^_— by 
^,.^,1. (199D. -ch of whi* s ncorp ^ ^ 

re£ erence. These »*»~ «h region, preferably 
5 „ bp immediately upstream of a swi ^ ^ 

_ 4- -i M <=+- 500 bp upstream of a swi^" ^ 
about at least 00 ^ ^ ^ ^ of a 

preferably about at least imme diately upstream 

switch region. Suitable sequences occur x ^ 

of the human S Tl , S y2 , s yV V ol ' ° 2 ' 
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.ouences immediately ° f ^ 

regions, although rjT^T-. - P«^ able " ^ 
Human S t1 . and S 7 j swi ible transcriptional 

particular, interferon fl*0 ible enhancers, are 

regulatory elements, m of transgene switch 

5 preferably included immediately 

sequences. dther regulatory sequences 

In addition to promoters, se(J _ Tnus , 

■ .,4 lv in B- lineage cells 
which function primarily i sequence situated 

_i» a light chain enhancer m segments on 

for example, a " constant region gene segm 

10 preferably between the J a ^ transgene 

Le light chain ^»- - exclusi on. m the 

session, thereby *^*»"" re gulatory enhancers and 
Tse of the heavy ^"^^J*. are used to maximize 
also employed. Such r^^'^ the transgene so as to 
„ the transcription ^ provide relatively high levels 

induce allelic exclusion and P 

of transgene expression. oromo ter and enhancer 

Although the foregoing promo ^ descEibed , 

regulatory control ^^heterologous to the nonhuman 
2 „ such regulatory sequences may ^ ^ ^ the 

animal being derived fro- th g segments ar e 

heterologous transgene immune, «^«» ■» 
obtained. Alternately, ^T^tory sequences in the 

aerived from the '^closely «— 

* 4->, 0 non-human annua J. , 
25 genome of the no transgene. 

whi ch contains the ^f^ments . gene segments are 

» the preferred emb ^ non _ naM „ annals 

derived from human bein ' s ; transgenes are capable of 
harboring such heavy and light tra S ^ ^ 
,0 mounting an I,-mediated immune re P ^ ^ within 

. administered to such an animal- ^ heterologous 

such an animal which j^^, a nd the selection for 
human antibody. Mter e .g- a hybrids a 

,» appropriate monoclonal -^J^ antibody is provided- 
35 source of therapeutic reduced immunogenic^ when 

such human Habs hav >W»^ 
therapeutically administere 
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Although the preferred embodiments disclose the 
stents from a species 'umans Mith the 

^-^^Snative embodiment, transgenic nonhuman 
animals contain functionally at least one rearran^ 

15 heterologous heavy c^™^,*^ contain 

ge rmline of the transgenic ^ ™» sach rearranged heavy 

primary «^^^JZ, are capable of undergoing 
transgenes. Such B ceiis p . VK an tiaen to form a 

son ati= mutation when ~»flr^^- specificity for 
20 heterologous antibody having high affini y ^ 
the antigen, said rearranged ^"J red . s 

two c,, genes and the associated sequences reguir 

switching. *. ra n«!nenic animals 

The invention also includes transgenic 

25 containing U- -U. -ing heavy and U£ «- 

wh erein one^ -« , 

segments with the other con * es shal i have at 

zr^TXrsz at:;:::: ^ 

30 — iMs -h-s - 

generating a synthetic variable Hod 

compnse <j segme nt DNAs encodes an 

35 DNAs wherein each of the v s g cleavage 
, Bhn1in V segment and contains at eacn en 
immunoglobulin v seyme*. „.-i_ aes « The 

7 . «f a restriction endonuclease. i«** 

recognition site of a restrict thereafter 
population of immunoglobulin V segment DNAs 
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transgenes snaxx nave 

sequences required for isotype swxtchxng. 

5 

j ror vrv Switchin g Iy mphocyte, the cell 

In ^ development o a B Y- ^ 

initially produces IgH with a 

the productively ""^T^ progeny cells synthesize 
.„ subsequently, each B cell and its pr , * ^ ^ may 

antibodies with the same L and H chain 
^itch the isotype of the H chairu 

rearrangement P" C " S ' \ so switch segments 

occurs by recombination between 
20 located immediately upstream of each h vy ^ ^ ^ 

„. The individual switch .^f^*^ sequence s. 
length, and consist primarily of short r p clasB 
The exact point of recombination used solution 

switching events. "~^^t£t£ wlth c BHA -derived 

- ° f ^rST^TS"- , S„, is lo-ted 

„ 1 1 " *» «- se9uence and is compo 

about 1 to 2 kx> d 
30 numerous tandem repeata * range as 

high as 17. ally rep etitive switch se^ences 

— »rr rr^r- - - — 

to each other. (see, 
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257:7322-7329 



5 



(1985) and T. Nikaido et al. , L Biol. Chem 

1982), which are incorporated herein by reference ) All the 
sequenced S regions include numerous occurrences of the 

enters GAGCT and ««T that are the 
of the B|l gene (T. Nikaido et al. , J^l^*^ 257 7322 
7329 (1982) which is incorporated herein by reference); n the 
other s regions these pentads are not precisely tandemly 
Repeated as in V but instead are embedded in larger repeat 
units. The S yl region has an additional higher-order 
structure: two direct repeat sequences flank each of two 
clusters of 49-bp tandem repeats. (flu M. R. Mowatt et al 
^,^ 136:2674-2683 (1986), which is incorporated herem 

by reference) * 

■ switch regions of human H chain genes have been 
found to he very similar to their mouse homologs. 
similarity between pairs of human and mouse clones 5 to the 
C» genes has been found to be confined to the S regions, a fact 
that confirms the biological significance of these regions. 

A switch recombination between n and tr genes 
produces a composite S„-S a sequence. Typically, there is no 
specific site, either in .„ or in any. other S region, where 
the recombination always occurs. 

Generally, unlike the enzymatic machinery of V-J 
recombination, the switch machinery can apparently accommodate 
different alignments of the repeated homologous regions , of 
germline s precursors and then join the sequences at different 
positions within the alignment. Ito T. B. Rabbits et al , 

l. Res. 9.:4509-4524 (1981) and J. Ravetch et al., 

r|||| „^ „■„„ OSA 77:6734-6738 (1980), which are 

) incorporated herein by reference.) 

The exact details of the mechanism(s) of selective 
activation of switching to a particular isotype are unknown. 
Although exogenous influences such as lymphokines and 
cytokines might upregulate isotype-specif ic recombinases it 

5 is also possible that the same enzymatic machinery catalyzes 
switches to all isotypes and that specificity lies in 
targeting this machinery to specific switch regions. 
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Ih e T -ceU-derived TJZ* 
been shown to specif lcally s2a> Ig0 2b. and 1903 

Retypes: B~ deCreaSe % I a f ; n ^' IgGi expression; while 
expression and increases. IgE and ^ ^ the 
5 selective* stimula, ~ xp ( et 

H,-4-induced increase in 19 sm et al ., 

al ., jjmbbI. ^ !949 fl : "iil L incorporated herein by 

ref erence, . X combination ^/^^ ^3*85-3690 (1987) , 
10 expression (CoKman et al. , 

which is incorporated >«»«*^ UeatlBg T-cell effects 

MO st of the P possiblUty that the 

on switching have not ruX t icular switch 

observed increase in cells o£ ^switched or 

15 recombinations might retie ^ explanation is that 

precommitted ^*^ZZ^ switch recombination, 
the lymphokines suit ching appears to be 

induction of class svi initl ate upstream of 

associated with sterile transcripts t^^^^. &:1M9 

M the switch •V^'V^'ZZZ^JZJ^ ^ 

(1988).; stavnezer et al. . __ ^^[^17(1989) ; Berton et 
(1988, , Esser and Radbruch, ™^ (1989); Rothman et 

al.. EBSjSSi^^-^ ^ of which is incorporated 
al., atJW* * :6 " 199 °'; obs erved induction of the T l 
25 by reference) . For example, the correlates 
sLile transcript byXW «- ^ =lass stfltch in, to ,1 
with the observation that innibi ts T l expression. 

in B-cells in culture, while WMr that affect 

before, - inclusion of J ^ ^ ^ ^ 

,0 the transcription of stern incr easing the 

M te of isotype switching. For P transctipt typically can 
transcription of a o£ isot ype switch 

be expected to enhance the freou y segaenMS . 
recombination involving ^«"f pref erable that transgenes 
. For these reasons, it is P witnin ^out 

incorporate transcriptional^ ator » ^ ^ ^ 
« Kb upstream of each ^^tional rectory 
for isotype switching. These t 
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flanking region is nuc ieotides in length, 

iength. preferably y < o mcleotides . 

and more preferably at least 50 switch 

^1:' I" "rent switch region «« 
region can be operably in*ed ^ 

transgene ^"^"J^^^^ Mediately upstream of «- 

the human S t1 switch can be g £erred tn at each 

s al switch,, in some --^^Jj;^ constract have the 

switch region i-^^, upstr eam in the 
5- flanking region that occurs imm 
s naturally occurring ger.line configuration. 

Ib£ _ S£aJ1§g e, l i l P H*nry F^rtoirjL 

consists of a signal peptide exon « £ * ' ^ 
a tandem array of multi-domain ^constant 
» of which is encoded by several . dlf£erent c i ass 

re ,ion genes encode the f"^^^. v region 
of immunoglobulins. During B-cell 

primal constant regions are de eted leading^ ^ ^ 
expression of new heavy chain classes ^ ^ 

30 class, alternative patterns of PHA splicing g 
30 class, a secr eted immunoglobulins. 

transmembrane and secretea „„„.;, ts of 

The human heavy chain locus ^"f^^^eiy 
approximately ,00 V gene segments spanning a Mb ^ 
30 d gene segments spanning .out ^ . ^ ^ 

locus spans approximately 2.5 Mb of the distal p 
long arm of chromosome 14. 
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B . r--™ rraomen* ^ anfiflenes 

1. ^ rhain Transgene rt „ lohu lin heavy and 

light chain transgenes comprise transgene 
5 Jans. X„ the case of the heavy ' -^/^ 670 to 830 
comprises a NotI fragment having 

m1 ous because the 3 
.he length of ^ xt is Known. 

Miction site ^ and , a gene stents. This 

however, to reside between th ^ ^ £a]niues , 

l0 fragment contains meters of aX { _ ^ ^ ^ ^ 

the D and J ,ene segments as w ^ 
constant regions (Berman et al _ transgenic 
which is incorporated herein by referen > a 

15 heavy chain class required for B e oonjunctio n 
Xeast one switched heavy chainclass pliable regions to 
„ith a sufficiently large repertoire of v 
Xer a secondary response for most aniens. 



20 2 * 



I,nht run in Transqene necessary 
A genomic fragment ~™ ° a ligM 

gCT e segments and regulatory -«-»~^ guch ^genes are 
^in locus may be similarly constructed, 
constructed as described in the Examples. 

" c. Transgenes Generated Intracellular^ 

T - v<vn Fecombinatjop —— t o£ 

^-ITTsTot necessary to isolate the all or P 
^ heavy Chain locus on a single « «^ - ™us, 
,„ example, the S70-830 *b Hot fragment fr ^ ^ 

' immunoglobulin heavy cham locus may ^sgene 

non-human animal during '"facing two orlore 
construction is produced by ">« od ""^ o nucleus of th e 
overlapping DMA fragments into an embryonic 
35 non-human animal. The overlapping port on s ^ 

segments have DNA "^^Velombinases contained 
homologous. Opon exposure to the (ra gments 
within the embryonic nucleus, the overlap? 



WO 93/12227 



PCT/US92/10983 



39 



homologously recombined in proper orientation to for. the 
670-830 kb NotI heavy chain fragment. _ 

Tn vivo transgene construction can be used to form 
any number of immunoglobulin transgenes which because of their 
5 si*, are otherwise difficult, or impossible, to make or 
manipulate by present technology. Thus, injiyo transgene 
construction is useful to generate immunoglobulin 
which are larger than DNA fragments which may be manipulated 
by YAC vectors (Murray and Szostak, Nature 2fl5.:189-193 
10 (1983,) . Such in vivo transgene construction may be used to 
introduce into a non-human animal substantially the entire 
immunoglobulin loci from a species not consisting of the 

transgenic non-human animal. 

in addition to forming genomic immunoglobulin 
15 transgenes, in vivo homologous recombination may also be 

utilized to form "mini -locus" transgenes as described in the 

Examples. ... 

in the preferred embodiments utilizing uunSS 

transgene construction, each overlapping DNA fragment 
20 preferably has an overlapping substantially homologous DNA 
sequence between the end portion of one DNA fragment and the 
end portion of a second DNA fragment. Such overlapping 
portions of the DNA fragments preferably comprise about 500 bp 
to about 2000 bp, most preferably 1.0 kb to 2.0 kb 
25 Homologous recombination of overlapping DNA fragments to form 
transgenes in_vivo. is further described in commonly assigned 
PCT Publication No. WO 92/03917 entitled "Homologous 
Recombination in Mammalian Cells" published March 19, 1992. 

30 D. fH n < Incus TY»"°"enes .••,__,.» 

As used herein, the term "immunoglobulin mmilocus 

refers to a DNA sequence (which may be within a longer 
sequence) , usually of less than about 150 kb, typically 
between about 25 and 100 kb, containing at least one each of 
35 the following: a functional variable (V) gene segment, a 

functional joining (J) region segment, at least one "o^ 1 
constant (C) region gene segment, and-if it is a heavy Cham 
minilocus-a functional diversity (D) region segment, such 
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_ t le ast one substantial 
said DNA seance contains ^ ^ ^ ^ ^ , 

discontinuity (e.g., • *• relative to th e 

to 5 kb, preferably 10 25 KB minilocus 
ho molo,ous genome » -—e . A g 
5 transgene will be at least 25 k about 70 to so 

tt . a heavy chain ™^ ^ ^kb wit, two 

in length, ^"^""^f t o switch regions- 
constant regions operably linked ni „ilocus are 

«- i " dlVidUal el «lon Id capable of 
10 preferably in the germlme cell c f a 

undergoing gene -^"^nctional antibody 
transgenic specificities encoded entirely 

molecules with diverse an 9 ^ rtber , a heavy chain 

by the elements of the an4 the requisite 

„ minilocus comprising at "* st « undergoing isotype 

etching — — 01 

switching, so that function isotype 

immunoglobulin classes will be wlth in the 

switching may occur in Siyo » B «U ^ ^ of 

neavy chain transgenes comprise one =r ^ ^ ^ 
25 D, and Jh gene segment «-^»^ segBent is 

least one of each appropriate typ g a ^ ^ 

incorporated into the minilocus transgen ^ 
C, segments for the heavy cha» £~9» ■ ^ at 

that the transgene contain at le Bore pre ferably 

,0 least one other constant ^ ^_ ^ 

t T gene -^'J^ Etching between X,M and «0 

preference is to aixow t production of a 

— - «- — TL!TS " I- M^immLoglobulin. 
secretable form of high a « in ^ be used such as 
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,.„es will he different from the naturally-occurring .spatial 
order found in the germline of the spec.es serving as 
do „or of - = ; those sRilled in ^ art can select c„ 
s genes from more than one individual of a species <e g 
allogeneic C B genes, and incorporate said genes^e 
transgene as supernumerary J ■ ^ animal 
isotype switching; the resultant transgem v „ ious 
may 2L. in some events, maKe ™ M ' S Z 
10 /asses including all of the ^-^^T 
species from which the transgene C H genes were 

Still further, those sKilled in the art can select 
C, genes from different species to incorporate 
transgene. Functional switch sequences are included with 
,* c aene although the switch sequences used are not 
15 C 9 gene, a±w» a _, Mra iiv adjacent to the c„ 

necessarily those which occur naturally 3 a 
gene. Interspecies C„ gene combiners «11 P«**= e * of 
lansgenic nonhuman animal which may 

various classes corresponding to C„ genes from various 



uses, 



The heavy chain J region segments in the human 
25 comprise six functional J segments and ^ee^seudo^enes 
clustered in a 3 kb stretch of DNA. Gxven xts relatively 
clustered abilit v to isolate these segments 

compact sxze and the ability to ^ on & 

together with the p gene and the 5 por 

L le 23 kb SFil/Spel fragment (Sado et al., Bipcheju 

likely to contain all o because tnis £ra gment 
,5 required for M expression. ™" he ™ ' chaln 

includes the entire * ~f , ^ ^,0, 

enhancer and the „ ™« ^j^*^ 

(1983); Yancopoulos and Alt, Ann. Rev. x 
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j !, a r 0 in bv reference). It also 
(19e6) , Which are incorporate herei^ ^ 
contains the transcription star ^ (van copoulos and 

joining to form primary reperto - herein by 

Alt, csU ltt.271-2.1 * » ^ „ fragment , 

5 reference,, ^"^'o re,ion. may be used in piace of 
which includes part on the D 9 ^ ^ a £ragBent 

the 23 Kb SfiX/SpeXl ^^J^ sequence to facilitate 
increases the amount of 5 

efficient D-to-J joining. of 4 or 5 homologous S> 

The human D region consists of 
■ United in tandem (Siebenlist, et l 

» SUbre91 ° nS ' i ^ Each subregion contains up to 10 
S» 22i ' 631 " 63 =' • some of th ese segments have been 
individual D segments. Some aifftte nt strategies are 

mapped- and are shown in W ^ ^ fljwt st rategy 

15 used to generate a mini-locus org ^ ^ 

involves using only those * or BO of the 

contiguous stretch of DNA tha includes^ ^ ^ ^ 
repeated D subregions * can ^ p . ece of DNA 

that contains 12 ^f^^ents and has been 
20 consists of 2 Val. tl9 .„ . 2- 

completely seguenced <***"*^ J suf£i cient for a 
4MW1S0). Twelve D segments sh ^ ^ „ f 

primary repertoire. However, « te together 

- » — containing fragments, to 

25 several non-contiguous D segm Qf 

produce a smaller piece of DNA wi identlfle d, for 

Laments. Additional ^^J^Zio flavin, ncnamer 
exanpl e, by «. Presenc e ofch aracter ^ ^ ^ 
and heptamer sequences, supra, ana 
30 literature. nr eferaoly more than one V gene 

."-ru =~ ~ = r^r.'~ . 

transgene. 

ganged or " as desor ibed PCT 

35 publication HO. ^mals Capable of Producing 

entitled "Transgenic Non num 
Heterologous Antibodies." 
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Rearranged or prearranged V segments', D segments, J 
segments, and c genes, with or without flanking sequen ces can 
be isolated as described in PCT Publication No. WO 92/03918, 

published March 19, 1992. 

A minilocus light chain transgene may be similarly 
constructed from the human X or k immunoglobulin locus. 
Thus, for example, an immunoglobulin heavy chain m in ilocus 
transgene construct, e.g., of about 75 kb, encoding V, D J 
^constant region seguences can be formed from. a plurality 
of DNA fragments, with each sequence being substantially 
h omologous to human gene sequences. Preferably, the sequences 
are operably linked to transcription regulatory sequences and 
are capable of undergoing rearrangement. With two or more 
appropriately placed constant region sequences (e.g., M and y) 
and switch regions, switch recombination also occurs. An 
exemplary light chain transgene construct can be formed 
similarly from a plurality of DNA fragments, substantially 
homologous to human DNA and capable of undergoing 
rearrangement . 



E. 



Tr ^^^ Q rnn fi truct- ~ T»"» " f IsotVP* Switching 

Ideally, transgene constructs that are intended to 
undergo class switching should include all of the cis-actmg 
sequences necessary to regulate sterile transcripts. 
25 Naturally occurring switch regions and upstream promoters and 
regulatory sequences (e.g., IFN-inducible elements) are 
preferred cis-acting sequences that are included in transgene 
constructs capable of isotype switching. About at least 50 
basepairs, preferably about at least 200 basepairs and more 
30 preferably at least 500 to 1000 basepairs or more of sequence 
Immediately upstream of a switch region, preferably a human 7 1 
switch region, should be operably linked to a switch sequence, 
preferably a human yl switch sequence. Further, switch 
regions can be linked upstream of (and adjacent to) C H genes 
35 that do not naturally occur next to the particular switch 



region. For example, but not for limitation, a human 7l 
switch region may be linked upstream from a human a 2 C H gene, 
or a murine 7l switch may be linked to a human c H gene. 



where 
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isotype switching («-g.. ' repeat 
miC e involves the in=- r h ^ ^ gene (vasul et 
sequences and .,) tta HOBOlog ous 
5 al ., rnr .T. TmrnunoU li-"" tlM deletes the (. gene 

10 (V H )„-(D,,-( J H),-(^)»-< C l »»- [<T) - <Sa)p " (C2nq 

, is a heavy chain variable regicn gene 
D »is a heav7chain 0 (diversity, region ^ ^ ' 
, J8 is a heavy chain , '^^"^JU-. * 

S D is a donor -'-"^thU' acceptor region . 
a recombination event with the s a a 

segments such that isotype switching encoQ i»g 

C t is a heavy chain ^J^J^-t <.*. - 

20 an isotype utilized m for B cell 

T is I cls-actin, transcriptional regulatory region 

25 * - - — t: — rr^roUs. 

c .T^r ^rrX gTne segment encoding 
2 an isotype other than M (..«•. Tx. 74- «x- 

a 2' e ^ * v •?« 1-100, n is 

, * n D and q are integers, x is l 
30 X f y, Z, n ' P' 3X1 q . s q is 0-50, * 

o-io,. y is 1-50, p im i-iP, « ^ . s capable 

is o-io. Typically, when he transgene P 



35 equal to n. 



WO 93/12227 



PCT/US92/10983 



45 

„ n t c c T Sfc, and C z segments may be 
selected from varies species, preferably 
ana .ore pre^ly fro. human and murine ^» ™. 

v„ segments may be selected from various specks, 
hut are preferably selected fro, V H segments 
naturally in the human germline, such as. V s251 . ^ 1Ca " y 
naturally included, preferably about 4 v„ 

about 2 V„ gene segments are inci . H 
segments are included, and most preferably at 

V B segments are i " cl » ded - typiC ally included, 

At least one D segment is zyp.n-a.1. j 

^re preferably included, and 
although at least 10 D segments are prefera y 
some embodiments include more than ten D segments. Some 
oref erred embodiments include human D segments. 

Typically at least one J H segment is incorporated xn 

j H segment , f d embodiments include 

about six segments^ "^^TLo*i-»t. include 
human J H segments, and further preierre 
six human J H segments and no nonhuman 0 e ^ eI * S J 
0 s„ segments are donor regions capable of 

participating in recombination events with the S segment of 
the transgene. For classical isotype switching, S «-H «• 
switch regions such as s , S T ,, S 72 , s t3 , s^, s a , a2 , < 
Preferably the switch regions are murine or human, more 
., pTe er ably S D is a human or murine S„ and S A is a human or 
' Line S 7l . ,or nonclassical isotype switching 

deletion], s„ and S> are preferably the 400 basepair dxrect 
repeat sequences that flank the human M 9*ne. 

c, segments are typically . or . genes, preferably 
» scene and more preferably a human or murine „ gene. 

' T segments typically include .< flanking sequences 

that are adjacent to naturally occurring (i.e. , germane 
^regions. , segments typically at least about a least 
SO nucleotides in length, preferably about at least 200 
3S n cleotides in length, and more preferably at eas 5 

nucleotides in length. Preferably T segments are 5 flanking 
sequences that occur immediately upstream of human or murme 
switch regions in a germline conf iguratxon. It is also 
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^•n in the art that T segments may 
evident to those of sKil ^ re gulatory sequences that 

comprise -i--^^^ germline (e.g., viral 
do not occur naturally an ^ ^ sv40f 

enhancers and promoters such e ukaryotic cells) . 

adenovirus, and other viruses that -f ^ 
C 2 segments are tYPje^Y iUp-. - 

or 6 C H gene , preferably a human C» ^ and T2b may 

more preferably a human 7l or 73 * d) isotype genes 

also he used, as may chain transgene 

f orm various -P-"^?^^ cnain minilocus, the total 
contains an ^^^"^typically 150 Jcilo basepairs 
length of the transgene will be y P 

° rleSS * ,l the transgene will be other than a 

m general, the tra ^ ^ de letion of 

native heavy chain ig locu • ^ ^ correspo nding 

unnecessary regions or substi 
regions from other species will P 

*- ^^^^^^ 

Th e occurrence of any method known to those 

nonhuman animal may be *«^~ * the Allowing, 

• a rt Preferred embodiments mciuae 

in the art. Prer comb ination: 

employed either singly or in co conta in a sequence 

x . detection o t transcr P« - ^ Cb gene 0 t h er 

homologous to at least one tt ^ S ' to a transgene V H - 

^ rearranged ^ "potion assays. PCR 
hybridization. Sl nuclease p s __ 

MpUf ication c D H* - «- transgenic ani»al. or in 

2. detection m the serum ^ B „ cells 

supe rnatants of cu = of proteins encoded 

of the transgenic protein s can also be shown 

by downstream C H genes, where su p x variab ie 

by immunochemical methods to comprise 

region; lls of the transgenic 

3. detection, in DNA f rom » 
animal or in genomic DNA from hybridoma 
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• with the occurrence of isotype 

rearrangements consxstent wit be aCCOmplis hed 

switching in the transgene such d genomic 
by southern blot hybridizatxon, PCR ampH 

cloning, or other method; or of isotype switching, 

4 . i^"^ ^ r ^ raMcrlptSf production of 
SUC h as products otj^t ^ ^.^ 

characteristic enzymes inVOlV&<i that may be detected, 

„™binase'n . or other manifestations thai: y 
recombmase j , tpchniaues. 

a or- observed by contemporary tecnniqu 
— ■ ZZZT^ y transg e„i= Una may represent . 

Afferent site of nation of ^ and 

pctentially different tandem array of ™ ^ £lanking 

Lcause each different configuration of «ans, ^ 

rreme expression, I** xo f 
n„A sentences «, -f«* ? express high levels of 

5 identify and use lines of tn " isotype, and 

human immunoglobulins, P~^*^ JL*-.. single 
contain the ^ ~ M °LT£«*U1 problem of incomplete 
ccpv «^ nlCS i ; n lnl ^ en / s are typically integrated into 
allelic expression. Transgen „ erB ii„e DMA and 

,. host chromosomal MA, most usually ^ transg enic 

propagated by subseguent = Rectors an d transgenic 

ceding ^.-^^rart or subsequently developed .ay 

methods known in the present a . 

he substituted as appropriate and as desired 

25 practitioner. 

■<>■'' %£2&2S£S£^ 

The expression of successfully ^ ^ 

immunoglobulin heavy and light ^ 
a dominant effect by suppressing 9 nonhuman 

endogenous ^ / ^ ate a —an that is 

However, ""^ 9 mutatin , the endogenous 

35 devoid of endogenous antibodies is y teohnolo ,y and 

. immunoglobulin loci. ^^^"^H.-unoglobulin 

homologous recombination, the -^ en0U = * loll ! wing ascribes 

• v>*» readily eliminated. Tne 

repertoire can be immunoglobulin loci- 

the functional description of the mo 
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Th e vectors and methods disdosed. however, can' be readily 

. n i. hpr non-human animals. 
adl pted for use „ ^ involves the Activation 

Brierxy, ^ oluripotent cell 

o£ a gene, by homologous recombination in a £ P 

5 line that is capable of different , Mase 

A DNA construct that contains an a Iter^ copy ^ 
globulin gene ^f™^^ ^nced DNA 

^^with Lr^enous copJ of'the mouse gene, 
reconbines with the ena g containing the 

l0 replacing it with the altered copy^ Cel ^ 
newly engineered genetic lesion are inject ^ ^ 

eabryo, which is replanted into a recipi^ 

tnese embryos develop into chimeric °Athat^ There£ore , 
cells entirely derived fro, themu - £ ^ ^ ne( , 

15 b y breeding the chimeric mice it is possib 

le of mice containing the introduced . 

, . nQ oQ\ Science, ,244 , 12S» 
(reviewed by capecchi (1939) ^ ^ ^ 5% Qf 

Because the mouse a /ri - 

° . ^. rt4 r 4- he heavy chaxn ana/ or 

the immunoglobulins. Activation of the h J, ^ 

20 .-light chain loci is sufficient There 

disrupt each of these loci, constant region 

of the J-C intron enhancer, and disruptio 

coding sequences by the introduction of a stop ~ 

las t option is the "JZru^ B-cell 

25 construct design, "-"^^tlhin, to any of the 
saturation thereby preven tin, for Peking 

functional heavy chain segments. The stra gy 

- — r-^^'- • — ' n and 

30 vectors arl used .sed on the design J^^S, ~ 
co-workers (Zijlstra, et al. (1989), fc 

' «. successful disruption of ~ «^£ e £^, pHCI »eo 
The neomycin resistance gene (neo) from P ^ 
is inserted into the ~~ o - t ^ 

. 35 pHCIneo insert use, .. " -ral p ^ ^ 

„ drive neo expression. This pr selectable marKer 

stem cells. Therefore, neo can be used a tn ^ dine 
for inteoxation of the Xnodc-out construct. The HSV 
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kinase (tk) gene is added to the end of the construct as a 
negative selection marker against random insertion events 

(Zijlstra, et al., supra . ) . 

A preferred strategy for disrupting the heavy chain 
5 locus is the elimination of the J region. This region is 
fairly compact in the mouse, spanning only 1.3 kb. To 
construct a gene targeting vector, a 15 kb Kpnl fragment 
containing all of the secreted A constant region exons from 
mouse genomic library is isolated. The 1.3 kb J region is 
10 replaced with the 1.1 kb insert from pMCIneo. The HSV tk gene 
is then added to the 5- end of the Kpnl fragment. Correct 
integration of this construct, via homologous recombination, 
will result in the replacement of the mouse J H region with the 
neo gene. Recombinants are screened by PCR, using a primer 
15 based on the neo gene and a primer homologous to mouse 
sequences 5* of the Kpnl site in the D region. 

Alternatively, the heavy-chain locus is knocked out 
by disrupting the coding region of the a gene. This approach 
involves the same 15 kb Kpnl fragment used in the previous 
20 approach. The 1.1 kb insert from pMCIneo is inserted at a 

unique BamHI site in exon II, and the HSV tk gene added to the 
3» Kpnl end. Double crossover events on either side of the 
neo insert, that eliminate the tk gene, are then selected for. 
These are detected from pools of selected clones by PCR 
25 amplification. One of the PCR primers is derived from neo 
sequences and the other from mouse sequences outside of the 
targeting vector. The functional disruption of the mouse 
immunoglobulin loci is presented in the Examples. 
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G. Suppressing Expression of 

Tgwrtn ggnous Immunoglo bulin Loci 

in addition to functional disruption of endogenous 
Ig loci, an alternative method for preventing the expression 
35 of an endogenous Ig locus is suppression. Suppression of 
endogenous Ig genes may be accomplished with antisense RNA 
produced from one or more integrated transgenes, by antisense 
oligonucleotides, and/ or by administration of antisera 
specific for one or more endogenous Ig chains. 
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flltilTrr° P^lvnnrlROtltdes. 
Antisense RNA transgenes can be genes 
partially or totally -°" 5 ^;;: S r ie ° n :. "I and Touime, 
.Pepin et al. (1991, » ^f^! 9; tout, J. and 

caskeY - T ; ^-LS^^^" 1 - — ° f Mhich is 

al. (1990) Hnnwt- Cell " 



ax. i^^"* — 

complementary target sequence, such as * 

JL or a X, »* ^T^dfsubs^uttons, 

15 polynucleotides may ^ s t ion, as specie 

additions, de^s or transp ^ ^ as . 

hybridization to the relevan J> conpleBen tary 
functional property of the poiy ant isense UNA or DBA 

antisense polynucleotides include soluble ant. 

20 oligonucleotides - T^cr^on and,or - 

individual mRHA species and ° rev trans iation of the 

processing of the ^J^^'Z^O^J^ 
encoded polypeptide (Chrng et al., EC-—- — ^ 
^ ^10006-100X0 ,1939,; Broder et ^J^^T 
25 ^04-618 (1990,; et a __ 65; HO91/04753; 

,1990); Holcenberg et al., W091/1 . incorp0 rated 
WO90/13641; and EP * * nc e is a 

herein by reference, . Anantis e- ^ ^ ^ one 

polynucleotide sequence that is co p ^ ^ 
30 immunoglobulin gene sequence of a ^ ^ ^ nucIeotides 

• nucleotides in length, typical y -.-i-m tides in 
in length, and preferably ^ ^ ^sense sequences may 
length. However, "-"V^ as compared to the 

taV e substitutions, additions, or " 
35 complementary immunoglobulin ^"T^J^Y « *° 
specific hybridization is retimed as a property 
antise^e polynucleotide. Generally, 
complementary to an endogenous immunoglobulin ge 
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that encodes, or has the potential to encode after DNA 
rearrangement, an immunoglobulin chain- In some cases, sense 
sequences corresponding to an immunoglobulin gene sequence may 
function to suppress expression, particularly by interfering 

5 with transcription. 

The antisense polynucleotides therefore inhibit 
production of the encoded polypeptide (s) . In this regard, 
antisense polynucleotides that inhibit transcription and/ or 
translation of one or more endogenous Ig loci can alter the 
10 capacity and/or specificity of a non-human animal to produce 
immunoglobulin chains encoded by endogenous Ig loci. 

Antisense polynucleotides may be produced from a 
heterologous expression cassette in a transfectant cell or 
transgenic cell, such as a transgenic pluripotent 
15 hematopoietic stem cell used to reconstitute all or part of 
the hematopoietic stem cell population of an individual, or a 
transgenic nonhuman animal. Alternatively, the antisense 
polynucleotides may comprise soluble oligonucleotides that are 
administered to the external milieu, either in culture medium 
20 in vitro or in the circulatory system or interstitial fluid in 
vivo , soluble antisense polynucleotides present in the 
external milieu have been shown to gain access to the 
cytoplasm and inhibit translation of specific mRNA species. In 
some embodiments the antisense polynucleotides comprise 
25 methylphosphonate moieties, alternatively phosphorothiolates 
or O-methylribonucleotides may be used, and chimeric 
oligonucleotides may also be used (Dagle et al. (1990) Nucleic 
Acids_Res i . 18_: 4751). For some applications, antisense 
oligonucleotides may comprise polyamide nucleic acids (Nielsen 
30 et al. (199D science 254: 1497). For general methods 

relating to antisense polynucleotides, see antispnse SNA and 
DNA, (1988), D.A. Melton, Ed., Cold Spring Harbor Laboratory, 

Cold Spring Harbor, NY) . 

Antisense polynucleotides complementary to one or 
35 more sequences are employed to inhibit transcription, RNA 
• processing, and/or translation of the cognate mRNA species and 
.thereby effect a reduction in the amount of the respective 
encoded polypeptide. Such antisense polynucleotides can 
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provide a thermic function by inhibiting the formation of 

one or more endogenous Ig chains , i n vivo . 

»hether as soluble antisense oligonucleotides or as 

antisense RNA transcribed fro* an antisense ^ 
; antisense polynucleotides of this invention are selected 

to hybridize preferentially to endogenous Ig sequences 

physiological conditions in. vivo.. Host typically, the 

Sected antisense polynucleotides will or 

hybridize to heterologous Ig sequences 
, light chain transgene of the invention (i.e., the antisense 

^nucleotides will not inhibit transgene I, expression by 

more than about 25 to 35 percent) . 

fl^jg ^im sur-.res sj°n 

0 as to react specifically m „ Metivity with heterologous 
but to have minimal or no cross-reactivity wi 

typified by that of Weiss et al. fflWSli- wxll su ^ re * S 

heterologous Ig chain ^sj encou«= jr 
invention. 

Sacieic-^ nucieic acids _ ^ te „ ,. subs tantial homology" 
indicates that two nucleic acids, or de gnated sequences 
^reof , when optimally aligned ar co^ared, are identical, 
m ropriate nucleotide inserts - -etio- in 
least about 80% of the nucleotides, usually at ^ * 

Z segments will hybridize under selective hybridization 
Editions, to the complement of the strand. The nucleic 
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acids may be present in whole cells, in a cell lysate, or in a 
partially purified or substantially pure form. A nucleic acid 
is "isolated" or "rendered substantially pure 11 when purified 
away from other cellular components or other contaminants, 
5 e.g., other cellular nucleic acids or proteins, by standard 
techniques, including alkaline/SDS treatment, CsCl banding, 
column chromatography, agarose gel electrophoresis and others 
well known in the art. See, F. Ausubel, et al., ed. Current 
Protocols in Molecular Biology , Greene Publishing and Wiley- 

10 Interscience, New York (1987). 

The nucleic acid compositions of the present 
invention while often in a native sequence (except for 
modified restriction sites and the like) , from either cDNA, 
genomic or mixtures may be mutated, thereof in accordance with 

15 standard techniques to provide gene sequences. For coding 

sequences, these mutations, may affect amino acid sequence as 
desired. In particular, DNA sequences substantially 
homologous to or derived from native V, D, J, constant, 
switches and other such sequences described herein are 

20 contemplated (where "derived" indicates that a sequence is 
identical or modified from another sequence) . 

A nucleic acid is "operably linked" when it is 
placed into a functional relationship with another nucleic 
acid sequence. For instance, a promoter or enhancer is 

25 operably linked to a coding sequence if it affects the 

transcription of the sequence. With respect to transcription 
regulatory sequences, operably linked means that the DNA 
sequences being linked are contiguous and, where necessary to 
join two protein coding regions, contiguous and in reading 

30 frame. For switch sequences, operably linked indicates that 
the sequences are capable of effecting switch recombination. 

Specific Preferred Embodiments 

A preferred embodiment of the invention is an animal 
35 containing at least one, typically 2-10, and sometimes 25-50 
or more copies of the transgene described in Example 12 (e.g., 
pHCl or pHC2) bred with an animal containing a single copy of 
a light chain transgene described in Examples 5, 6, 8, or 14, 
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and the offspring bred with the J H deleted animal descrxbed xn 
Example 10. Animals are bred to homozygosity for each of 
these three traits. Such animals have the following genotype: 
a single copy (per haploid set of chromosomes) of a human 
heavy chain unrearranged mini-locus (described in Example 12) 
a single copy (per haploid set of chromosomes) of a rearranged 
human « light chain construct (described in Example 14) , and a 
deletion at each endogenous mouse heavy chain locus that 
removes all of the functional J H segments (described xn 
Example 10). such animals are bred with mice that are 
homozygous for the deletion of the J H segments (Examples 10) 
to produce offspring that are homozygous for the J H deletxon 
and hemizygous for the human heavy and light chain constructs. 
The resultant animals are injected with antigens and used for 
production of human monoclonal antibodies agaxnst these 
antigens. 

B cells isolated from such an animal are 
monospecific with regard to the human heavy and light chains 
because they contain only a single copy of each gene. 
Furthermore, they will be monospecific with regards to human 
or mouse heavy chains because both endogenous mouse heavy 
chain gene copies are nonfunctional by virtue of the deletxon 
spanning the J H region introduced as described in Example 9 
and 12. Furthermore, a substantial fraction of the B cells 
will be monospecific with regards to the human or mouse light 
chains because expression of the single copy of the rearranged 
human c light chain gene will allelically and isotypically 
exclude the rearrangement of the endogenous mouse k and X 
chain genes in a significant fraction of B-cells. 

The transgenic mouse of the preferred embodxment 
will exhibit immunoglobulin production with a significant 
repertoire, ideally substantially similar to that of a native 
mouse. Thus, for example, in embodiments where the endogenous 
ig genes have been inactivated, the total immunoglobulin 
levels will range from about 0.1 to 10 mg/ml of serum, 
preferably 0.5 to 5 mg/ml, ideally at least about 1.0 mg/ml. 
When a transgene capable of effecting a switch to IgG from IgM 
has been introduced into the transgenic mouse, the adult mouse 
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Of 



10 



15 



rati o of serum IgG to IgM is preferably about 10 = 1. 
course, the Ig<= to IgM ratio will be much lower in the 
mature Bouse. In general, greater than ^ 
preferably 40 to 80% of the spleen and lymph node B 
express exclusively human IgG protein. 

The repertoire will ideally approximate that shown 

,i„ »r least about 10% as high, 
in a non-transgenic mouse, usually at least ab 

preferably 25 to 50 % or "^^^.^y 
thousand different immunoglobulins (ideallyig ) , J 

4 «. in 6 nr Bore will be produced, depending primarily on 
1 I rZ ZtJ^V, /and 0 regions introduced into the 

the number of different v ' typically recognize 

mouse genome. These immunoglobulins will typ * 

i. -i* «^ mnr6 of highly antigenic proteins, 
about one-half or more ox iiiyu^ * sicken 
including, but not limited to: pigeon cytochrome c =h =Ken 
lysozyme, poxeweed mitogen, bovine serum albumin, 
Xpirhlmocyanin, influenza hemagglutinin, 
P roU , sperm wbale myoglobin influen, £^ 

^1^^ antigens of at least about 

, 10'r 1 . preferably loT 1 to 10T 1 °r greater. 

Thus, prior to rearrangement of a transgene 
containing various heavy or light chain gene ^^J^ 
oene segments may be readily iden l fie a • • ^ 
or DHA sequencing, as being from a species 

25 than the transgenic animal. „ vo f.rred 
Although the foregoing describes a preferred 

embodiment of the transgenic animal of ^ 
embodiments are defined by the disclosure 
particularly by the transgenes described in the Examples. 
30 Lr categories of transgenic animal may be - - - 
I Transgenic animals containing an unrearr g 

' and rearranged light immunoglobulin 
H Transgenic animals containing an unrearranged heavy 

and unrearranged light immunoglobulin transgene 
III. Transgenic animal containing rearranged heavy and 

unrearranged light immunoglobulin transgene, and 
IV Transgenic animals containing rearranged heavy and 
' ■ rearranged light immunoglobulin transgenes. 
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• „ n f transgenic animal, the 
0£ these categories of «» « „>!>»> I* 
preferred order of preference is ^ ^ ^ , 

M here the — «— * JLlogous recordation (or 
gene) have been knocked out by h ^ ^ endogenoos lia ht 
other method) and I > U > * ^ BU st be dominated by 

chain genes have not been Knocked 
allelic exclusion. 

EXPERIMENTAL EXAMPLES 

MJTHQDS_^SJ5ATEEIAiS derived according to Hogan, et 

Transgenic mice are Laboratory Manual", 

al ., manipulating the Mouse Embryo^ rated herei n by 

cold spring Harbor Laboratory, whxch 

reference. manipulated according to 

Embryonic stem cells emb ryonic stem 

' fished procedures (^7^, L . « 

cells: a practical ««-*«;^ a 4 i :435-«8 
Washington. D.c. 1987; flxUtr. ^ Unce ^,,,-803 (WW. 
(19B9 , , and Schwartzberg et ^j" ;^^ ref erence) . 
. each of which is /arried out according to 

DNA cloning procedures A Lab oratory 

j. sambrook, et al. in H0 ^= ul " ° rbo r' Laboratory Press, 
Hanual, « f^Is Incorporated herein by 

cold spring Harbor, N.Y.. ™>i 

S5 reference. synthesized on an Applied Bio 

Oligonucleotides are y g to 

svstems oligonucleotide ^^ acturer . 
specifications provided by ™ e „ manipulated 

HybridomaceUs and^bo^ Ed Harlow and 

30 ^rrrr^arbor ««.>. — - 

incorporated herein by reference. 

pv&MP'LE 1 

35 , , acrr i b es the cloning and 

This Example chain immunoglobulin 

microinjection of a human ^^avy ^ 

„ h i ch is micro injected 
transgene which is 
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Nuclei are Isolated from fresh human placental 
tissue as described by Narsluff etal., "Transcription and 
Translation: A Practical Approach", B.D. 

S.J. Higgins, eds.. PP- ..-!». «• «~< ^"IJZl re 
; The isolated nuclei (or PBS washed human spermatocytes) are 
embedded in a low melting point agarose matrix and lysed with 
EDTA and proteinase . to expose high molecular weight DNA 

is Len digested in the agarose with the restnctxon 
In yme as described by «. Finney in current Protocols in 

0 ZZL Biology <F. Ausubei. et al., eds. JO hn Wiley . Sons, 
<5«nn 4. 1988. Section 2.5.1). 

' The NotI digested DNA is then fractionated by pulsed 

field gel electrophoresis as described by Anand et al , 

LdsRes. 11=3425-3433 (1989,. Fractions enriched for 
5 the NotI fragment are assayed by southern hybridization to 
atte!t one J«« of the sequences encoded by this fragment 
su" sequences include the heavy chain D segments J segments. 
„ and ^constant regions together with **»"«^~ * £ 
6 VH families (although this fragment is identl 
,. fragment from HeLa cells by Berman et al. (It..). 

havffound it to be as 830 Kb fragment from human placental an 
sperm DNA,, Those fractions containing this NotI ^agment 
r.r F ig. 4) are pooled and cloned into the NotI site of the 
victor PVACNN in Yeast cells. Plasmid pYACNN » 
2 5 digestion of pYAC-4 Neo <CooK et al.. W C ^ Ac^ *es li- 
11817 (1988, ) with EcoRI and ligation in the presence of the 
oligonucleotide 5- - AAT TGC GGC CGC - 3'. 

YAC clones containing the heavy chain NotI fragment 
are isolated as described by Brownstein et al s^e 
30 244:2348^351 (1989), and Green et al., Prnn «,tl Mrt. ^ 
« .7,1213-MW (1990). which are incorporated herein by 

r^ence. The cloned NotI insert is isolated from high 
reference, i electrophoresis 
molecular weight yeast DNA by pulse fieiu g 

«• „ MV * r.4t- The DNA is condensed by 
as described by M. Finney, op cit. ine u»« 4. 

35 4 action of i mM spermine and -»«^|^ 
the nucleus of single cell embryos previously described. 
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fv&MPLE 2 



A Ba p of the human -^^^^ 
+. =1 Nucl. Acids^eSi. 15.965/ 
in Lorenz et al. , Nnr 1 

is ^orporated r - L — T r I^ t that -udes all - 

different V segments is isolat Exaliple ^ 

nucleus of single cell embryos as desert 

P.y AMPLE 3 

K 75 „ >b Mlu! to »otX fragment -at — all of 

«» above Plus at least 20 -^^"J^ to produce a 
„ described in Example 1 and digested wi 

— -je z°z «, r — r^r:— oe 
5 rirgor^mbUon of t r r rrr=ene 

n icroin}ection of a mouse W*» ~£ se ^ ents over that 
containing at least an additional 15 20 * 
found in the 450 Kb Xhol/Hotl fragment (Examp 

p~v&MPLE 4 

ss n S£B! c i Ao JLJ! fJ^^ 

" £SMa S^ts^ EcoRI and St yI and lifted 
pBR322 is 9 generate pGPl which 

' with the following ^^'^TT^int tne restriction 

, ia7 base pair insert containing 
35 contains a 147 base p over i ap ping of these 

sites shown in Fig. 8. me y 
oligos is also shown in Fig. 9. 
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The oligonucleotides are: 





oligo- 


l 


5' 


- CTT 
TTT 


GAG 
TTG 


CCC 
CAT 


GCC 
ACT 


TAA 
GCG 


TGA 
GCC 


GCG 


GGC 


TTT 


5 


oligo- 


2 


5' 


- GCA 
GCA 


ATG 
TCG 


GCC 
ATA 


TGG 
TCT 


ATC 
AGA 


CAT 
GCT 


GGC 
CGA 


GCG 
GCA 


CTA 
-3 • 


10 


oligo- 


■3 


5* 


- TGC 
CTT 


AGA 
ACG 


TCT 
CGT 


GAA 
ACT 


TTC 
AGT 


CCG 
GCG 


GGT 
GCC 


ACC 
GCT 


AAG 
-3' 




oligo-4 


5» 


- AAT 
GCT 


TAG 
TGG 


CGG 
TAC 


CCG 
CCG 


CAC 
GGA 


TAG 
ATT 


TAC 
- 3' 


GCG 

i 


TAA 


15 


oligo-5 


5' 


- CAG 
TCG 


ATC 
ATG 


TGC 
CTA 


ATG 
GCG 


CTC 
CGC 


GAG 
CAT 


CTC 
GGA 


TAG 
TCC 


ATA 
- 3 




oligo- 


■6 


5' 


- AGG 
AAA 


CCA 
AGC 


TTG 
CCG 


CGG 
CTC 


CCG 
ATT 


CAG 
AGG 


TAT 
CGG 


GCA 
GCT 


AAA 
- 3 



This plasmid contains a large polylinker flanked by 
rare cutting NotI sites for building large inserts that can b< 
isolated from vector sequences for microinjection. The 
plasmid is based on pBR322 which is relatively low copy 

25 compared to the pUC based plasmids (pGPl retains the pBR322 
copy number control region near the origin of replication) . 
Low copy number reduces the potential toxicity of insert 
sequences. In addition, pGPl contains a strong transcription 
terminator sequence derived from trpA (Christie et al., Proc. 

30 Natl. Acad. Sci. USA 78:4180 (1981)) inserted between the 

ampicillin resistance gene and the polylinker. This further 
reduces the toxicity associated with certain inserts by 
preventing readthrough transcription coming from the 
ampicillin promoters. 

35 Plasmid pGP2 is derived from pGPl to introduce an 

additional restriction site (Sfil) in the polylinker. pGPl i 
digested with Mlul and Spel to cut the recognition sequences 
in the polylinker portion of the plasmid. 

The following adapter oligonucleotides are ligated 

40 to the thus digested pGPl to form pGP2. 

5« CGC GTG GCC GCA ATG GCC A 3' 
51 CTA GTG GCC ATT GCG GCC A 3" 
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pGP2 is identical to pGPl except that it contains an 
additional Sfi I site located between the Mlul and Spel sites 
This allows inserts to be completely excised with Sfil as well 
as with Notl. 

B ronstrueti" " nRE3 (rat enhancer 3') 

An enhancer sequence located downstream of the rat 
constant region is included in the heavy chain constructs. 

Tue heavy chain region 3' enhancer described by 
Petterson et al., Mature 344:165-168 (1990), which is 
incorporated herein by reference) is isolated and cloned. The 
rat IGH 3 • enhancer sequence is PCR amplified by using the 
following oligonucleotides : 

5' CAG GAT CCA GAT ATC AGT ACC TGA AAC AGG GCT TGC 3' 
5 . GAG CAT GCA CAG GAC CTG GAG CAC ACA CAG CCT TCC 3' 

The thus formed double stranded DNA encoding the 3« 
enhancer is cut with BamHI and SphI and clone into BamHI/SphI 
cut pGP2 to yield pRE3 (rat enhancer 3 • ) . 

C ru nning of Human -T- f t Region 

A substantial portion of this region is cloned by 
combining two or more fragments isolated from phage lambda 

inserts. See Fig. 9. 

A 6.3 kb BamHI/Hindlll fragment that includes all 

4- /vafcnri, pt al EMBOJ., 7:1047-1051 (1988); 
human J segments (Matsuda et ax., u '-' - 

Ravetech et al.m Cell, 27:583-591 (1981), which are 
incorporated herein by reference) is isolated from human 
genomic DNA library using the oligonucleotide GGA CTG TGT CCC 
TGT GTG ATG CTT TTG ATG TCT GGG GCC AAG. 

An adjacent 10 kb Hindlll/Bamll fragment that 
contains enhancer, switch and constant region coding exons 
(Yasui et al., Immunol., lft: 1399-1403 (1989)) is 

similarly isolated- using the oligonucleotide: 
CAC CAA GTT GAC CTG CCT GGT CAC AGA CCT GAC CAC CTA TGA 

An adjacent 3' 1.5 kb BamHI fragment is similarly 
isolated using clone pMOM insert as probe. (pMOM is 4 kb 
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* isolated from human genomic DNA library 
EcoRI/HindlH fragment isolated 
with oligonucleotide: 

CCT GTG GAC CAC CGC CTC CAC CTT CAT 

CGT CCT CTT CCT CCT 

„ and cloned into pUC19 . 

5 - ^^is digested with BamHI and Bglll * 
pGPl is aig a n, a iine phosphatase, 

treatment with calf ~ , are cloned in the 

Fragments (a) and ( > uhich is orlent ed 

aigested pGPl. * clone « proved by BamHI/Bgl fusion. It 

is identified as pMa (see Fig ^ lnsert ed. The 

BamHI and fragment (c) from g. ^ resultant 

orientation is checKed with Hindi II « J 
plasmid pHIGl (Fig. 10) contains an 18 
15 and C/i segments. 

D . B~i*J*f**£^ ^ H . ndIII ls £ollowed 

^■11 /if intestinal alKaline phosphatase (Fi,. 

by treatment with calf intes "" 14 and fragment (o) 

M) . xh. so treated /HindXII cut pOPL -oper 

of Fig. 14 are clon« lint th. d . gestion to 

orientation of fragment =>^ s encoaing ^ C(1 region, 

form pCOSl containing a 12 kb in ch and „ 

„„.reas pHIGl contains J segmen . ^ ^ 

- if. m kb insert with an srn -> 
sequences in its 18 kb « A will be used 

5 . site in a polymer flanKe by . ^ ^ ^ 

for rearranged VDJ segments. P C0N1 insert . The 

it lacKs the J region and -tains only ^2 

« of PC0N1 in the here inafter. 
rearranged VDJ segments will be describ 

E. ■flflOtoB-a^g J Req i5n - lE f r t ion is depicted in 

The cloning of the human y-1 region 



20 



25 



30 



35 



"tirna: ^partially 
hm an 7 -l -om a transgene -s^«*at ^ ^ ^ ^ 

deleted on integration. Their result 
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that includes the 
BamHI site delineates a copy of the gamma gene 

transmembrane rearranged Therefor e, in the 

with a V-c intron o£ less reqlon is 

prearranged, unswitched gene, th ^ ^ ^ 5 , 

Eluded in a sequence £~t<~ it is included 

end of the first y-l constant e *° n et al ., jjaclaic. 

to the B . 5.3 «. .SSTJ^ incorporated herein 

^ reference,. TaKahashl et al., _ ^ toat 

which is incorporated * jf/eouence, and this fragment 

this fragment contains tne fragment must 

together with the 7.7 Kb HxndXXI to B 

include all of the sequences we need sequence of 

construct. An intronic -"^"^ oocttrs ln an intron of 
at least 15 contiguous nucleotides 

20 «» TGA GCC ACG AAG ACC CTG AGG 

5 ^CAAGTTCAACTGGTACGTGGa. 

A 7.7 *b HindXXX to ^ 
25 «g. 11, U cloned ( b> in «. £ 

- "^to HinaXX digested^* to form «««* 
r^ont c^Led h, Ba.BX/speX digestion. 

- * — rr r x p ^- on r;Ue 

huB an , segments and -^^Tregion gene segments, 
a transgene containing the » con Th([ plasmi d P KEG2 was 

pHIGl was digested with Stil ( W a 13 5 insert containing 
35 also dige*ted «J» ^^neer sequence. These 

human <* — ^J*V£ ; roduce the plas-id PHXG3- (Fig- 

sequences were combined to P*° C|l constant 

«r containing the human J segments, th 
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region, the human 0,1 constant ration and the rat 3- enhancer 

\ . constructed by digesting pCONl with sfil 
without , segments » <«£^ contain ing the human 

a „d coining ~* ^ ^ Resting P*EG2 with 

C T region and the rat 3 enha contains a 26 Kb 

Sfil The resultant plasmld, pCON (Fig. ±t) 
fotl^pe! insert containing human C. human T l and the rat 



enhancer sequence. 

10 * £t2 nfs^1or cloning the human D segments is 
dieted in Fig. «. ^ ^ 1= 

etal. ' IM141-41- ,»..))• The blowing 
oligonucleotides are used: 

5 . - TGG TAT TAG TAT GGT TCG GGG AGT TAT TAT 
AAC CAC AGT GTC - 3' 



DXPl! 



DXP4 : 



25 DN4 : 



5 , - GCC TGA AAT GGA GCC TCA GGG CAC AGT GGG 
CAC GGA CAC TGT - 3 ' 

5 . - GCA GGG AGG ACA TGT TTA GGA TCT GAG GCC 
GCA CCT GAC ACC - 3» 



A 5.2 kb Xhol fragment (fragment (b) in rig. 13) 
containing OX.1. OXP1. -XP-1. and 0*1 is isolated from a phage 

- — '-rrrr^S".— «->*«•■ »> 

containing DXP*. DM and DK4 is isolated from a phage clone 

identified with oligo DXP4. „„™hined 
Fragments (b, , <c) and (d) from Fig. 13 are combined 
35 an, cloned into the Xbal/Xbo! site of pOPl to form pH IG 2 which 

contains a 10.6 kb insert. 

This cloning is performed sequentially . First, 

* t*\ in Fia 13 and the 2.2 kb fragment (d) of 
5.2 kb fragment (b) in rig. « 
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Fig. 13 are treated with calf intestinal alkaline phosphatase 
and cloned into P GP1 digested with Xhol and Xbal. The 
resultant clones are screened with the 5.2 and 2.2 kb insert 
Half of those clones testing positive with the 5.2 and 2.2 kb 
inserts have the 5.2 kb insert in the proper orientation as 
determined by BamHI digestion. The 3.2 kb Xbal fragment from 
Fig. 13 is then cloned into this intermediate plasmid 
containing fragments (b) and (d) to form P HIG2. This plasmid 
contains diversity segments cloned into the polylinker wxth a 
unique 5' Sfil site and unique 3' Spel site. The entire 
polylinker is flanked by NotI sites. 



H r^struetio " Weaw Chain Minilocus 

The following describes the construction of a human 
heavy chain mini-locus which contain one or more V segments. 

An unrearranged V segment corresponding to that 
identified as the V segment contained in the hybridoma 
of Newkirk et al., ^Un^^ 81:1511-1518 (1988, which 
is incorporated herein by reference, is isolated using the 
following oligonucleotide: 

5 « - GAT CCT GGT TTA GTT AAA GAG GAT TTT 
ATT CAC CCC TGT GTC - 3' 

A restriction map of the unrearranged V segment is 
determined to identify unique restriction sites which provide 
upon digestion a DNA fragment having a length approximately 2 
kb containing the unrearranged V segment together with 5- and 
3« flanking sequences. The 5' prime sequences will include 
promoter and other regulatory sequences whereas the 3- 
flanking sequence provides recombination sequences necessary 
for V-DJ joining. This approximately 3.0 kb V segment insert 
is cloned into the polylinker of pGB2 to form pVHl. 

pvHl is digested with Sfil and the resultant 
fragment is cloned into the Sfil site of P HIG2 to form a 
PHIG5'. Since pHIG2 contains D segments only, the resultant 
PHIG5' plasmid contains a single V segment together with D 
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stents. The size of the insert contained in PHIG5 is 10.6 

«, plus the size of the v -^J^Z* * action with 

The insert from pHIG5 is excisea uy 

HotI and spel and isolated. PHIS3. 

~1 segments is digested with Spel and - HotI and the 3 kb 
ZJZ containing such seances and the rat 3. enhancer 
seguence is isolated. These two fragments are combmed and 
Tated into Hot! digested pCPl to produce P H IG wh ch contains 
insert encoding a V seoment, nine 0 segments. si* fur , tional 
segments, *. C 7 and the rat V enhancer The size of this 
insert is approximately 43 *h plus the size of the V segment 
insert. 

I. construction of Heavy Chain Minilocus 

H Y Homology Pp-combination . 

As indicated in the previous section, the insert of 
PHIG is approximately 43 to 45 Kb when a single ^ segment xs 
employed. This insert size is at or near the limit of that 
which -y be readily cloned into plasmid vectors^ In order to 
provide for the use of a greater number of V segments the 
following describes in vivo, homologous recombination of 
ov raping DNA fragments which upon homologous recombination 
TitL a zygote or ES cell form a transgene contain^ rat 
3. enhancer sequence, the human Cm, the human C 7 1, human 
, segments, human D segments and a multiplicity of human V 

segments. ^ B amHI/HindIII fragment containing human J 

, 'ft^-mt ia\ in Fig. 9) is cloned into Mlul/Spel 
segments (see fragment (a) m rig. 

digested pHIGS' using the following adapters: 



30 

5 • GAT CCA AGC AGT 3 1 
5' CTA GAC TGC TTG 3' 

5« CGC GTC GAA CTA 3' 

35 51 AGC TTA GTT CGA 3' 

The resultant is plasmid designated pHIGS'O 
40 (overlap). The insert contained in this plasmid contains 
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pVHl is used, the s 12 e of ^ ^ 

fo» r^^fcn chains the human J( O. ,1 and rat 
insert from PHIG3 whic ^ J segments 

5 3. enhancer sequences. B «™ r o£ QVerlap betwe en the 
which providejor ^ ^ the Bouse zyg „te, in 

two DNA fragments. When co j ^.--rating a transgene 

vivo homologous recombination occurs 

— vaxent to the insert =°"^^ IG a ; dition o£ a 

This approach proves £orme4 ^ v^. 

multipiicity of V segments mto th «° n ^ , segoent ^ 

pHIG5 . ^ genonic DNA or p, 

genomic DNA, (2) ng* roner toire is cloned into 

„ DNA encoding a synthetic V segment repertoire ^ 
•»» at the SfiX site to = ^ . ^ ^ ^ 

fta gment <a>o f s J*en ^ naltlpllcitv of V 

insert isolated. This ins segments 
segments and J segments which overlap with the g» 
20 contained on the insert isolated J-^"^ 
introduced into " £ 

recombination occurs to generate * ^ 

encoding multiple V 'T^^J^ Md 
D segments, the CP region, the Cyl regio 
25 the rat 3« enhancer sequence. 

PY&MPIiE 5 

^ ^ n * T.iaht cj^aln^liiyj^cus 

A. — +^tion of PEP.I pi 16 . 

^n^r^tlon of pEpl xs « ^ 

The mouse heavy chain enhancer is ^ ~ £ ~ (1983)) 
EcoRI 678 bp fragment (Banem «t al. , fl*U — 
from phage clones using oligo: 

5. GAA TGG GAG TGA GGC TCT CTC ATA CCC 
- TAT TCA GAA CTG ACT 3 
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This E« fragment is cloned into EcoRv/Xbal digested 
pGP! by blunt end filling in EcoRI site. The resultant 
plasmid is designated pEmul. 

5 B . Qf '' TirT "" r ** in Minil ° CU ^ 

The k construct contains at least one human V K 

, . t-he human J-C v enhancer, 

segment, all five human J K segments, the numan K 

Zn . constant region exon. and, ideally * - ' ' < 
enhancer (Meyer et al.. HE^- < 19 »'» ' -J^"., 

e^ncer in mouse is 9 Kb downstream from c.. »~ ; l ^ 
as yet unidentified in the human. In addition, the construct 
contains a copy of the mouse heavy chain J-C enhancers, 
contains -^"^^ ^ cQnstructed from four component 

fragments: ^ ^ ^ ^ ^ huoan 

C, exon and the 3- human enhancer by analogy with the mouse 

lOCUS ' (b) A 5' adjacent 5 kb Smal fragment, which 

contains all five J segments; 

( c) The mouse heavy chain intronic enhancer 
isolated from pW (this sequence is included to 

Session of the light chain construct as early as possible 
in B-cell development. Because the heavy chain genes are^ 
transcribed earlier than the light chain genes, this heavy 
2 5 chain enhancer is presumably active at an earlier stage than 
the intronic * enhancer); and _ 

(d) A fragment containing one or more V segments. 
The preparation of this construct is as follows. 

Human Placental DHA is digested with Smal and ° n 
30 agarose gel by electrophoresis. Similarly, human placental 
DNA is digested with BamHI and fractionated by 
^ophiasis. The « kb fraction is isolated J*e ^al 
digested gel and the 11 Kb region is similarly isolated from 
the gel containing DNA digested with BamHI . 
35 The 16 Kb smal fraction is cloned into Lambda FIX II 

(Stratagene, La Jolla, California, which has been ^~" d 
with Xhol, treated with klenow fragment DHA *° \ ^ 

in the Xhol restriction digest product. Ligation of the 
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^ qmal sites and lases Xhol sites 
smal fraction destroys the Smal 

intaCt " The 11 *h BamHI action is cloned into X EHBL3 

c ««-r^ vhich is digested w 

' BamHI ^VlT^, library were probed wit, the C* 
specific oligo: 

5* GAA CTG TGG «l CMC" ** 

TCA TCT TCC CGC CAT CTG J 

3 

4- *.>, a t was subcloned into the Xhol 
A 16 kb Xhol msert that was su 

««t C* is adjacent to the Smal site. The 
cut pE/il s ° th at CK 15 auj 

probe the X BMBU/BamHX ™ ^subcloned - 

. *b smal fragment £ g ^ W U snaI . Those 

subseguently ^^^riLtation of J segments, c 
,0 plasmids containing the correct o 

^ the EM enhancer are ^hereafter subcloned 

tato the M1UI sxte of pKap2 to ^ ^ 

encodes the human V« segments, the is 

. _ „ H the human E^t enhancer. j-"^ 

previously described. 
30 „ ^ OT , Q f K Light Chain Minilocus by 

. . The 11 kb BamHI fragment is cloned into BamHI ^ 

33 digested PS! such that the 3- end U 

The resultant ^^^^t^ the BamHX and 
segments is inserted into the p y of ^ _ s 

spel sites in pKiPint to form pKapHV. Th 

lised by digestion with Hot! and ». ^ o£ 

40 pKap2 is excised by digestion with NotI and p 
these fragments contain regions of homology in 
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fragment from pKapHV contains a 5 kb sequence of DNA that 
include the J K segments which is substantially homologous to 
the 5 kb Smal fragment contained in the insert obtained from 
pKap2. As such, these inserts are capable of homologously 
5 recombining when micro injected into a mouse zygote to form a 
transgene encoding V K , J K and C x . 

EXAMPLE 6 

10 Isolation of Genomic Clones 

Corresponding to Rearranged and Expressed 
Copies of Immunoglobulin k Light chain Genes 

This example describes the cloning of immunoglobulin 
15 k light chain genes from cultured cells that express an 

immunoglobulin of interest. Such cells may contain multiple 
alleles of a given immunoglobulin gene. For example r a 
hybridoma might contain four copies of the k light chain gene, 
two copies from the fusion partner cell line and two copies 
20 from the original B-cell expressing the immunoglobulin of 
interest. Of these four copies, only one encodes the 
immunoglobulin of interest, despite the fact that several of 
them may be rearranged. The procedure described in this 
example allows for the selective cloning of the expressed copy 
25 of the k light chain. 

A. Double Stranded cDNA 

Cells from human hybridoma, or lymphoma, or other 
cell line that synthesizes either cell surface or secreted or 

30 both forms of IgM with a k light chain are used for the 
isolation of polyA+ RNA. The RNA is then used for the 
synthesis of oligo dT primed cDNA using the enzyme reverse 
transcriptase. The single. stranded cDNA is then isolated and 
G residues are added to the 3* end using the enzyme 

35 polynucleotide terminal transferase. The Gtailed 

single-stranded cDNA is then purified and used as template for 
second strand synthesis (catalyzed by the enzyme DNA 
polymerase) using the following oligonucleotide as a primer: 

40 5» - GAG GTA CAC TGA CAT ACT GGC ATG CCC 

CCC CCC CCC - 3» 
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The double stranded — JTt — 

determining the nucleotide sequence of the 5 
encoding the heavy and light ^J^J^ expreS sed 
^noglobulin molecule. ™ ^ ^ cloning the 
; genes are then isolated. The P belotf . 
expressed light chain gene is outlined P 

B . T .i qht Chain described in. part A is 

The double stranded cDNA descrio * 

<.»™ni a te for a third round of DNA 

This primer contains stances GGC 
-4.- the /c light chain message (TCA ica 

constant portion of the * g ^ ^ sequences 

GGG AAG ATG AAG ACA GAT GGT GCA) ification of the 

J0 that can be used as a primer for the PC* P ^ 

n ewly synthesized ^ ^^^L^ the following 
AAG) . The sequence is amplified oy 
two oligonucleotide primers: 

i: : s 3 SS £ SS S S S :r- 

5 . . GAG GTA CAC TGA CAT ACT GGC ATG -3 • 

The first 42 nucleotides of sequence will then be 
35 The £lr for isolating the gene from 

usea to synthesize a umoue ««*»^ ^ syntnetic 

„hich TllTe "ferrea to below as 

42 nucleotide segment of DNA win « 

o-kappa. isolated from the Ig 

■ 3 Veu*re anfat e'el manually ana in pairwise 
^aUonrwith 1 ™! aifferent restriction enaonucleases 



WO 93/12227 



PCT/US92/10983 



71 



. , w ^ h the 32-P labelled unique 
inching smal, is then probed £r endonuolMse 
oligonucleotide o-Kappa. A unique 
site is identified upstream of the rearrange * 

DNA from the Ig expressing cell line is then cut 
s wl th smal " second en,yme ,or BamHX or KpnX if 

si« inside V segment) . Any resulting non-blunted ends are 
«e t "d "th thelyme T 4 DNA polymerase to give blunt ended 
DNA molecules. Then add fiction. « ~™ , ^ t „ 
(BamHI, EcoRI or Xhol depending on what site does n 
1 corresponding linker enzyme to give 

10 fragment, and « Xhol ends. The DNA is t*en 

DNA fraqments with BamHl, tco^x ^ 

S L fractionated by agarose gel electrophoresis and he 
fraction including the DHA fragment covering the 
segment is cloned into lambda EMBL3 or ^— ™ 
« La^olla, California,. ^^ ent ^""^^taLd from 
isolated using the unique probe o-Kappa. DNA is «° la "° " 
Positive clones and subclone* into the polylinKer of pKapl. 
The resulting clone is called pRKL. 

KVAMPLE 7 

20 

Teniation of Genomic Clones 
JSRnZ r tc ? Rearranged Expressed Copies 

This example describes the cloning of immunoglobulin 

25 h _ C ha r; rthis 

of a u heavy chain gene. . „ 

Double-stranded cDNA is prepared and isolated as 

•„ hofnre The double-stranded cDNA is 
30 described herein before. The ^ ^ 

denatured and used as a template for a 

synthesis using the following oligonucleotide primer. 

5« - GTA CGC CAT ATC AGC TGG ATG AAG ACA GGA GAC ^ 
GAG GGG GAA AAG GGT TGG GGC GGA TGC - 3 

35 

rSTJTST- Z « » as wen as unique sequences 
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• r- far th° PCR amplification of the 
that can be used as a primer f - th- ^ ^ ^ 

newly synthesized DNA stran d GTA C ^ ^ 



resized DNA - pcR using the following 

AAG) . The sequence is ampli-ied oy 
two oligonucleotide primers: 

5 . - GAG GTA CAC TGA CAT ACT GGC ATG - 3' 
5 . - GTA CTC CAT ATC AGC T<SG ATG AAG - 3 

then purified by gel 
* P=K amplified M>» "J^eoxy sequencing 
0 electrophoresis and used as *^^J^Z a ^mer: 
reactions using the following oUgonocleotx 

5 . - GAG GTA CAC TGA CAT ACT GGC ATG 
' first 42 nucleotides of sequence are then used 

S „ synthesis , unique prohe for UoUting.* gene «^ 
whi ch i-.unoglo.ulin message « „ ^ as 

42 nucleotide segment of DNA wux 

°" mU " nf DMA isolated from the Ig 

A Southern blot of DNA 1 and - n pairwise 

expressing cell line an d dige ted xnd v 

combinations with several dif f erent r g 
Eluding Mlux (Mlul is a ~ 
between the J segment and mu CHI) , i. 

25 32 -P labelled unique -1*^7^^^ ups~L of the 
restriction endonuclease site is identified P 

rearranged V segment. ^ 

Dia fr om the X^re-ng cell 1^ ^ _ 

with Hlul and second enzyme. Mlul or P ^ 

30 then ligated onto the ends and cut J" =°^ ractionated w 

sit e to Hlux or SpeX eluding the 

agarose gel sed V segment is cloned 

BH A fragment covering the expresse g. clones 

directly into the plasmid pGM. V seamen ^ 
35 are isolated using the unigue probe ° ^ 
■ subcloned into Mlul or Hlul/Spel cut plasmid p 
resulting plasmid is called pRMGH. 
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EXAMPLE 8 

M-iniioci Tr arig q enes 
: ^ctrnr±io n ~* * Ml nil OCX Ig 

Vn y>+ rWn Minilocu g. l4hrar v was screened with 

5 Kappa light chaxn specie clj ^ ^ 

clones spanning the 3 K -C re, containi n, 
containing J.1 together «th a 13 Kb Xhol J- 
V - ana c. into ^ 

U, intronxc enhancer and c, g ^ ^ ^ 

o£ 3 ' flanking sequences. It also has 
for cloning V, segments and a unique 3- sail s!te 
inserting additional cis-acting regulatory sequences. 

" 5U£aEE ^u n an genomic ■» library was 

—if^ * leader an, 

20 contain TATA boxes, open reading 

variable peptides (including 2 <*«™ space r-nona*er 

and recombination heptamer 12 Dp sp 

sequences, and rec ^ ^ sequenced . 

sequences. Three of the el £unc tional f they 

Two of the clones, 65.5 and 65.8 appear 

ypadina frames encoding leaaer an» 
25 contain TATA boxes, open rMd ^ J\ residue s) , splice 

variable peptides (includmg » j^^er 

^ contains a non-canonical recombination 



3a 



hePtOTeI - one of the functional clones. V* 
construct. 

35 ^ The Kappa Ught chain miniloous transgene pKd (Fig. 

■roe * . kb Yhol/sall fragment 

32) was generated by inserting a 7.5 kb Xhol/ 
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10 
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20 



25 



containing V, 65.8 into the 5- xhol site of pKcor. 
transgene insert was isolated by digestion with HotI prxor 

^^"""^ purine, insert was microinjected into tne 

,»i of fertilized (C57BL/6 x CBA)F2 mouse embryos and 
pronuclei - «^ < s int0 pseuao pregnant females 

transferred the surviving y Manipul ating the 

as described by Hogan et al. (in Metho 

-too* r*r»iH srtrincr Harbor Laboratory, 
House ^bryo, 1986 cold sprang ^ 

Mice that developed from inDectea e ^ analysis 
the presence of transgene sequences by 
of tail DMA. Transgene copy number was estimated by ba 
teTit" elative to control standards contain n, 
ouantities of cloned DBA. serum was isolated from tnes 

!»d assayed for the presence of transgene encoded 
animals and assayed v ffarlow an d 

human Ig kappa protein by ELISA as f Spring 

Lane (in Antibodies: A Laboratory Manual 1988. «ld P , 

Harbor Laboratory, Hew York) . Ml "^" £*"c £ or human Ig 
coated with mouse monoclonal antibodies specific for n » 
coated wlta Westbrook, ME) , human IgM 

r-'sr-Si. — r^r == 1901 

( clone .LSI, --^r^rrri^nd the presence 
rSST«=^- — d with affinity isolate, 
alkaline phosphatase conjugated goat anti-human Ig 
polyvalent, that had been pre-adsorbed to minimize cross- 

*.A*ri+v with mouse immunoglobulins, 
reactivity wren ^ p . m . ssav Q f serum 

Fig. 35 shows the results of an ELISA assay or 

from 3 mice «X.„. ««. ^^^'^ 

496) . The first seven of these mice develop 

LI were injected with the pKCi transgene insert and the 

j~ ^orived from a mouse generated oy 

irin^rorrpHci , :z ^ ; 

Two of the seven mice from KC1 injected embryos (I.D.#s 6 

6M) did not -^rrsr-C^: 3?. ™. 

: £ ke KCl transgene positive animals express detectable 
leV els of human Ig kappa protein, and the single non- 
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•i =,™ M rs to be a genetic mosaic on the basis 
expressing animal appears t° uc a ^ _ Q • _ 

expre y , iB „, he d hci positive transgenic 

of DNA Southern blot analysis, .he pHCi pos 

i. t-« a n H iaGl but not lg kappa, 

mouse expresses human IgM and IgGl 

demonstrating the specificity of the reagents us 



assay. 



The kappa light chain minilocus transgene pKC2 was 
generated by inserting an S kb Xhol/sall fragment containing 
X„ v 65.5 into the 9> Xhol site of pKCl. The results, 

transgene insert, which contains two V. segments, was isolated 
prior to microinjection by digestion with Hotl. 



^ This construct is identica! to pKCl except that it 
includes i.2 kb of additional sequence of J, and is missing 
Z kb of sequence 3- of V, «... m additional it contains a 

intronic enhancer (Baner]! et-ai^-SaU-Ai^ — __ 

^er with a 1.4 kb «-^^™ ^ 

human heavy chain J-m intronic enhancer (Hayday e , 
307=334-340 (1*M)) inserted downstream. This construct tests 

25 ^ feasibility of initiating early rearrangement of the light 
c^ain minilocus to effect allelic and isotypic exclusion. 
Analogous constructs can be generated with ^«« ent 
Enhancers, i.e., the mouse or rat 3- kappa or heavy cha n 
enhance (Meyer and Heuberger. BffifiJ. J"*" ' 

30 Pettersoh et al. 1M=1«5-16S (1.9.). which are 

incorporated herein by reference) . 

'" A kappa light chain expression cassette was designed 

36 to reconstruct functionally rearranged light chain gene ^that 
have been amplified by PCR from human B-cell DNA. The sen 
TaSi* in ng. 33. PC* amplified light cha*. genes are 
cloned into the vector pKSnx that includes 3.7 kb of 
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•-mated from the kappa light chain gene 
flanking sequences isolated t ^ transcri ptional 

65 .5. The VJ segment ***** ^ sit e of the 

sequences are then cloned xntx, intronic enhancer, c K , 

vector PK31S that includes Jjt 2- . " ^ plasmid 

5 and , kh of --"^ni^^ — - Ught 
contains a reconstructed fa ^ ^ ^ 

chain transgene that can be ids also contain unique 

.icro^ection into ^ additional cis - 

sail sites at the 3 enu 
10 acting regulatory s ^ enC ^; onucleotide s <o-130, o-131) were 
wo synthetic chain jeM! fro* hunah 

used , a^Ufy rearranged *™*JJ cco a , a 

spleen genomic OKA. ^ ° is ^entary to the 

(g.Ogg aao oat gga •«•»»"•; ^ genes and overlaps the 
15 5- region of V«IH ^ "'^ oli ^ onuc leotide O-130 (gtg 
f irst ATC of the leader seguence^ 01 go ^ „ . 

- tea att etc gag~t gao ta aga > ^ _ ^ 

seguence app: aBplify . 0 .7 Kb DHA 
site. These two olxgonucleotl a to re arranged 

20 fragment fro. ^^sZ^ ™ ~ * ^ 

digested with Hcol and Xhol and ^ ^ ^ ^ ^ 



jested with Ncol and Xhol and c one. ^ g ^ _ 
„*. the plasmid PH»03 J** ™ Actional VJ Joints (open 
detained and ^"1" Nationally rearranged light 
25 reading frames, l^f clones 

chain clones are collected. expression 
oan be individually * ansgenic m ice generated 

cassette descrihed above . _ ^ ^ 

with the rearranged light chai ^ o£ mice 

3„ heavy chain ^Z^^-^ antibodies in which all 
. that express a spectrum of fully . g contribute d by 

of the diversity of the pnmary r P 4iversity C an be 

tte neaT y chain. One source of light ^ j- 

frOT somatic nation, ^^^y to cosine with a 
35 equivalent with respect to their of mioe , 

^"-.1 * -vantage of this sch~e, as 
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opposed to the use of unrearranged light chain »«^°«' « 
Z increased light chain allelic and isotypic exclusion that 
comes from having the light chain ready to pair with a heavy 
chain as soon as heavy chain VDJ fining occurs. 

5 cognation can result in an increased frequency 

expressing fully human antibodies, and thus it can facilitate 
the isolation of human Ig expressing hybndomas. 

NotI inserts of plasmids pIGMl. pHCl, pIGGl, pKCl, 
and pKC2 were isolated away from vector sequences by agarose 

10 gel electrophoresis. The purified inserts were micromjected 
into the pronuclei of fertilized (C57BL/6 x CBA)F2 mouse 
embryos and transferred the surviving embryos into 
pseudopreg^ant females as described by Hogan et al. (Hogan et 

al ., nfWnin-.T'-n atrw ' col,J sprin " 

15 Harbor Laboratory, Hew York (1986)). 

EXAMPLE 9 

T|||| H _. lti _- ^ ^ Mnnsp x ^ n Tight rtiain GenP by Homologou s 
Por>mnhina1:ion 

20 This example describes the inactivation of the mouse 

endogenous kappa locus by homologous recombination in 
embryonic stem (ES) cells followed by introduction of the 
mutated gene into the mouse germ line by injection of targeted 

25 ES cells bearing an inactivated kappa allele into early mouse 
embryos (blastocysts) . 

The strategy is to delete J K and C K by homologous 
recombination with a vector containing DNA sequences 
homologous to the mouse kappa locus in which a 4.5 kb segment 

30 of the locus, spanning the J K gene and C K segments, is deleted 
and replaced by the selectable marker neo. 

f^ion of th~ v^na tarnpHnq vector , 

The plasmid pGEM7 (KJ1) contains the neomycin 
35 resistance gene (neo) , used for drug selection of transfected 
ES cells, under the transcriptional control of the mouse 
phosphoglycerate kinase (pgk) promoter (Xbal/TaqI 
Adra et al., Gene 60:65-74 (1987)) in the cloning vector pGEM 
7Zf(+). The plasmid also includes a heterologous 
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polyadenylation site tor the neo gene, derived ^ ^ 
region of the mouse pg* gene (PvuII/HindHI fragment, Boer et 

was used as the starting point for construction of the Kappa 
targeting vector. The first step was to insert sequences 
^ « ^ *appa locus 3. of the neo expression 

CaSSettS ' Mouse Kappa chain sequences <Fig. 20a, were isolated 
fro* a genomic phage library derived from liver dna using 
oligonucleotide probes specific for the c< locus: 

T. Z £ « ^ G m CC AAG - - CTG AAA CGT AAG - 



10 



15 



20 



25 



3' 



30 



An 8 kb BglH/SacI fragment extending 3 • of the 
mouse segment was isolated from a positive phage clone ^ 

* „ »«« a 1 2 kb Bglll/Sacl fragment and a 6.8 kb Sad 
^=^£'JS into BgllX/ SacX digested pGEM, (KJ1) 

- : r: sr^^ ^ , - - JK 

. nB was also isolated from a positive phage clone. An 
Sp^I/Xbal/Bglll/EcoRI adaptor was ligated to ~ 
i. -gment, and * resulting Segment ^ligated^ 

aerate ^ > ^ ^ ^ 

gene was then included in the construct in order to allow for 

I!.„t of ES clones bearing homologous recombinants, as 
^crt^b K -ur et al. , Ha£SE£ (»..,, which 

^corporate* herein by reference. The HSV TK cassette was 
obtained from the plasmid pGEM7 ,TK, , which contains the 
structural sequences for the HSV TK gene bracketed by the 
Lte pg* promoter and polyadenylation sequence s 
above for pGEM7 <KJ1) . The EcoRI site of pGEM7 (TK) was 
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, fho tk cassette was then excised 
modified to a BamHI site and the TK 
as a BamHI/HindHI fragment and subcloned ^°J G ^» 

«. -rPib-TK This plasmid was linearxzea at the xno 
generate pGPlb TK. in * nNEO - K 5'3', containing the neo 

, YhQl fracnnent from pNEO-KS j , 

site and the Xhoi irayui of Ck, 

s g ene fl.nKed by oeno»ic sequences fro, 5- of « and 

^^■^^-«- — uith j/c K1 ls 

shown in Fig. 20e. 

2tjUME ^t1f c ens use* were the AB-1 Une qrown on 
^totically inactive «,.,7 ceU £ ee*er layers 

, ^.^7^1085 (1990)) essentially as aesuu. 

SttsTT^r^ suitable ES lines „ ude. -t «. 
not lim ited to. the E14 line (Hooper et a "^^^ 

20 292-295), the D3 line (Doetsclman et al. (1985) ' 

f ««™h 87- 27-45), and the CCE line (Robertson et al. 

(1986) Nature. 32.3. 4*3 •*•*<>) ^ 



25 



30 



35 



(1986) Nature 213: 44D— -i - _ targeted mutation 

mouse line fro* ES cells bearing a specie targ 
depends on the pluripotence of the ES cells ( ' 
ability, once injected into a host blastocyst, to P^ cl * a 
t Oogenesis and contribute to the germ cells of the 

suiting -^ ipotence of any given ES cell Xine can vary 
with time in culture and the care with which it has been 
haled. The only definitive assay / ^ 
determine whether the specific population of ES cells 
useHor targeting can give rise to chimeras capable of 
!!rmline transmission of the ES genome. For this reason 
72 to gene targeting, a portion of the parental population 

l cells is injected into C57B1/6J blastocysts to 
^rle. the cells are capable of ^nerating^himeric 
Tee with extensive ES cell contribution and whether the 
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^ority of these chores can ™ it the » 

Pr ° 9anY - T he Kappa chain ^^^Z^Z the 
dig ested with Hot! and ^"'^j^ nt : 5 : :243 . 2 4S («.!))• 

Electroporated cells were p G4W 
density of 1-2 x 10' -U^ 4 -"- „ere added to 

(200M,/-. °f —TT*' Tiles were allowed to develop 

«- ^iTfp^r trvpsini.ed. divided 

over 10-11 days. Clones we. p cells 
into two portions, and further expand £ Hal ^ 
derived fro. each clone were *"o 2 ena ^ 
analyzed for homoXogous recombination betw. 

target sequences. Southern blot 

DNA analysis was earned out by descr ibed 
' ,„,.tsi from the clones as ossein 

hybridisation. » ^ I9:t!93 , ml „ digested with 

^ ^•'.^"th^ofo; ECOKX/Xbal fragment indicated 
M and probed with the & ^ , 3 ., Kb Xbal 

1„ Fig. 20e as probe A. This pr ostlo lb Kb band 

. fragment in the wild type locus. ^ ^ 

^ roc us-which-has-h^^y- r 901 - s4M -and_^_ 



m a , x of 9ore™ dUU 

rcoe Fia. 20a and ej . WJ - 
targeting vector (see Fig ^ 7 

^stant clones screened ^ ^ ^ a ous 

displayed the 1.8 kc These 7 clones 

2S recombination into one of the and ps« 

wet e further digested with ogously into one of 

to verify that the vector dia g„ostic 800 bp 

the Kappa genes. «hen probed and pstI dige sts 

HCOBI/Xba! fragment (P robe A,. BglH. ^ ? ^ 

3. of wild type DKA produce fragments of allele 

respectively, whereas the presence of* targ ^ ^ ^ 

would be indicated by fragment • 

nositive clones 
respectively (see Fig. 20a and e, . sacI , 
detected by the Xbal digest . h0 mologous 

35 and PstI restriction fragments di aonost 

combination at the Kappa ^ ^ ^ using . 
blot analysis of an Hsil only the 

neo specific probe (probe B, Fig. 20e) ge 
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predicted fragment of 4.2 kb, demonstrating that the clones 
each contained only a single copy of the targeting vector. 

^„^^n nf mice be— inartivatPd kappa chain 
5 Five of the targeted ES clones described in the 

previous section were thawed and injected into C57B1/6J 
blastocysts as described (Bradley, A. (1987) in 
^.^.Hno^. an <* ^r-vonic StPin Cells: A Practical 
Approach . E.J. Robertson, ed. (Oxford: IRL Press), p. 113-151) 
10 and transferred into the uteri of pseudopregnant females to 
generate chimeric mice resulting from a mixture of cells 
derived from the input ES cells and the host blastocyst. The 
extent of ES cell contribution to the chimeras can be visually 
estimated by the amount of agouti coat coloration, derived 
15 from the ES cell line, on the black C57B1/6J background. 

Approximately half of the offspring resulting from blastocyst 
injection of the targeted clones were chimeric (i.e., showed 
agouti as well as black pigmentation) and of these, the 
majority showed extensive (70 percent or greater) ES cell 
20 contribution to coat pigmentation. The AB1 ES cells are an XY 
- t , pV1 l,V4r,o_ a nd_ a majorit y of these high percentage chimeras 
were male due to sex conversion of female embryos colonized by 
male ES cells. Male chimeras derived from 4 of the 5 targeted 
clones were bred with C57BL/6J females and the offspring 
25 monitored for the presence of the dominant agouti coat color 
indicative of germline transmission of the ES genome. 
Chimeras from two of these clones consistently generated 
agouti offspring. Since only one copy of the kappa locus was 
targeted in the injected ES clones, each agouti pup had a 50 
30 percent chance of inheriting the mutated locus. Screening for 
the targeted gene was carried out by Southern blot analysis of 
Bgl Il-digested DNA from tail biopsies, using the probe 
utilized in identifying targeted ES clones (probe A, Fig- 
20e). As expected, approximately 50 percent of the agouti 
35 offspring showed a hybridizing Bgl II band of 2.4 kb in 

addition to the wild-type band of 4.1 kb, demonstrating the 
germline transmission of the targeted kappa locus. 
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10 



15 



xn order to generate mice homozygous for the 
Ration, heterozygotes we- bred ^j^. As 

genotype of the offspring — ~ ^ heter ozygote 
expend, three genotypes were , nomal kappa 

m atings: dlW -~ ^ pargeted copy of the Kappa 
1o =us, heterozygotes carrym, one targete Py ^ 

gene and one XT Kappa gene, and "from these latter 

Ltation. The deletion of Kappa sequences f ^ 
^ce was verified by hybridation of 

a probe specific for J K (probe C g- £roB 
hybridization of the , K pro* , wa obse hybridizin , sign al was 
heterozygous and wild-type s bungs ^ ^ ^ ^ 

present in the homozygotes attest! g ^ 
novel mouse strain in which both o£ tatgeted 

„ave been inactivated by deletion as a result 



mutation . 



20 



25 



30 



e^genous^ine immunoglobulin ^ 

ho mologous recombination in embryon c stem , ) ^ by 

• Elated from a genomic phage library denv 
CFig. 2la) were isolated from * rrn ^ . Acad,, 

«•» cell line (Gossler et al., ££2 

from the D3 ES ceix x-u specific 
§sij _ 24 ^ 13:9065-9069 (1986)) usxng a J H * sp 

oligonucleotide probe: 

5»- ACT ATG CTA TGG ACT ACT «. « AAG CAA CCT CAC TCA CCC 
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A 3.5 kb genomic SacI/StuI fragment, spanning the J H 
region, was isolated from a positive phage clone and subcloned 
into Sacl/Smal digested pUC18. The resulting plasmid was 
designated pUC18 J H . The neomycin resistance gene (neo) , used 
5 for drug selection of transfected ES cells, was derived from a 
repaired version of the plasmid pGEM7 (KJ1) . A report in the 
literature (Yenofsky et al. (1990) Proc, Natl. Acad. Sci. 
(U.S. A. ) 87 : 3435-3439) documents a point mutation the neo 
coding sequences of several commonly used expression vectors, 

10 including the construct pMClneo (Thomas and Cappechi (1987) 
Cell 51 : 503-512) which served as the source of the neo gene 
used in pGEM7 (KJ1) . This mutation reduces the activity of 
the neo gene product and was repaired by replacing a 
restriction fragment encompassing the mutation with the 

15 corresponding sequence from a wild-type neo clone. The 

Hindlll site in the prepared pGEM7 (KJl) was converted to a 
Sail site by addition of a synthetic adaptor, and the neo 
expression cassette excised by digestion with Xbal/Sall. The 
ends of the neo fragment were then blunted by treatment with 

20 the Klenow form of DNA poll, and the neo fragment was 

— ^subcloned-„into_the Na el site of pUC18 J H , generating the 

plasmid pUC18 J H -neo (Fig. 21b). 

Further construction of the targeting vector was 
carried out in a derivative of the plasmid pGPlb. pGPlb was 

25 digested with the restriction enzyme NotI and ligated with the 
following oligonucleotide as an adaptor: 

5 f - GGC CGC TCG ACG ATA GCC TCG AGG CTA TAA ATC TAG AAG AAT 
TCC AGC AAA GCT TTG GC -3 1 

30 

The resulting plasmid, called pGMT, was used to 
build the mouse immunoglobulin heavy chain targeting 
construct. 

The Herpes Simplex Virus (HSV) thymidine kinase (TK) 
35 gene was included in the construct in order to allow for 
enrichment of ES clones bearing homologous recombinants, as 
described by Mansour et al. ( Nature 336, 348-352 (1988)). The 
HSV TK gene was obtained from the plasmid pGEM7 (TK) by 
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10 



15 



20 



25 



30 



35 



digestion with EcoRI and Hindlll. The TK DNA fragment was 
subcloned between the EcoRI and Hindlll sites of pGMT, 
creating the plasmid pGMT-TK (Fig. 2ic) . 

To provide an extensive region of homology to the 
target sequence, a 5.9 kb genomic Xbal/Xhol fragment, situated 
5- of the J H region, was derived from a positive genomic phage 
clone by limit digestion of the DNA with Xhol, and partial 
digestion with Xbal. As noted in Fig. 21a, this Xbal site xs 
not present in genomic DNA, but is rather derived from phage 
sequences immediately flanking the cloned genomic heavy chaxn 
insert in the positive phage clone. The fragment was 
subcloned into Xbal/Xhol digested pGMT-TK, to generate the 
plasmid pGMT-TK-J H 5 ' (Fig. 2ld) . 

The final step in the construction involved the 
excision from P UC18 J H -neo of the 2.8 kb EcoRI fragment which 
contained the neo gene and flanking genomic sequences 3 • of 
j H . This fragment was blunted by Klenow polymerase and 
subcloned into the similarly blunted Xhol site of 
P GMT-TK-J H 5«. The resulting construct, J H K01 (Fig. 21e) , 
contains 6.9 kb of genomic sequences flanking the J H locus, 



wxwu « *- • ~ - — — - — 

been inserted the neo gene. Fig. 21f shows the structure of 
an endogenous heavy chain gene after homologous recombinatxon 
with the targeting construct. 

EXAMPLE 11 

r. 0 ncr,H 0 n analysis of targeted ES cells , 

AB-1 ES cells (McMahon and Bradley, cell 
62:1073-1085 (1990)) were grown on mitotically inactive 
SNL76/7 cell feeder layers essentially as described 
(Robertson, E.J. (1987) Teratocarcinoma* and Embryonic Stem 
Op i t g * a pgae t-^i Approach . E.J. Robertson, ed. (Oxford: IRL 
Press), PP. 71-112). As described in the previous example, 
prior to electroporation of ES cells with the targeting 
construct J H K01, the pluripotency of the ES cells was 
determined by generation of AB-l derived chimeras which were 
shown capable of germline transmission of the ES genome. 
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10 



The heavy chain inactivation vector J H K01 was 

methods described (Hasty et al.. Hature 350. 

i^4-^^ intn 100 mm dishes at a 
Electroporated cells were plated into 100 n 

„ * n , v io 6 cells/dish. After 24 hours, G418 
density of 1-2 x 10 cells/ ^ 

(2 00m,/ml of active component. ^ < ^ ^ develop 

the medium, and drug-resistant divided lnto 

over 8-10 days. Clones -ere picked, trypsin 

„,„ portions, and further e^ande. a f ^ 

from each clone were then frozen ana -.„_,-,. 

for homologous recombination between vector and target 

analysis was carried out by Southern blot 

hybridization. _ was ~ "^ST 

fLaird et al. (1991) NnMeir Ands Res., 19. 4293), g 
rstu! and P^d with the 5 00 » « « 

srr-"^ retype zj, — . . - - 

!s HaUtic of 1— "combination of endogenous 
, fences with the *^ uth l 

ZISS^^L with the targeting vector. That 
^clones -present the expected targeted events at the 
, Scus (as shown in Fig. 21f) was confirmed by further 
digest on ««h HindXII, Spel and Hpal. 

A 'see Fig. aif) to Southern blots of HindXII, Spel and Hpal 
digest OHVProduces bands of 2.3 Kb. >10 Kb and 10kb^ 
respectively, for the wild-type locus (see Fig. 21a), wher 
TZ of 5 3 kb 3.8 kb. and 1.9 Kb, respectively, are 

0 bands Of 5.3 KD, 

acpected for the targeted heavy chain locus (see Fig 21f) . 
Z positive clones detected by the Stu! digest showed the 
predicted HindlH, Spel. and Hpal bands diagnostic of a 
^eted J„ gene. In addition, Southern blot analysis of a 
targeted J H g<*»- „„„-.o«cif ic probe (probe 

>5 stui digest of all 12 clones using a neo specific P IP 
7 Fig. 21f) generated only the predicted fragment of 3 Kb, 
demonstrating that the clones each contained only a single 
copy of the targeting vector. 
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„ - 4. u ft t deletion 

— i-^^^ts clones described in - 

previous section were thawed - ^s^n 
b lastocysts as Ascribed (Bradley, X 1»B7) i 

«»*• E - J - R °Tr e ' utti of pseudopregnant females. The 
and transferred into the uteri of p vlsu ally 

extent of E* ceU ^^^J^^n. —e d 
estimated fro. the amount of a^uti ^ Hal£ 

10 from the ES cell line, on the injection of two of 

of the offspring resulting fro. \, as well 

as black pigmentation) , ™ ma i or ity of the chimeras 

generate any chimeric animals Th majority ^ 
IS showed significant (approximately the AB-1 ■ 

cells are an XY cell 1 . coloni2e d by male ES 

to sex ^with CSVBL/sa females and the 

cells. Hales chimeras were or domin ant agouti 

A o_,«spring ™>nitored for ^ ^ toe Es 

coat color i^^ 0 ^^ cl^^^ " 



25 



30 



35 



, r indicative 01 TZV^Viv 

w *.v. «^ fhe clones consistently 
„. i-o^c from both of tne clu*i" 
genome. Chimeras rrom heavy 

generated agouti offspring. J»« only « P* ^ 
chain locusts targeted in the ^ 

biopsies, using the pr ted , approximately 50 

clones (probe A, Fig. 21f) . As exp idizing st m band 

n f the aaouti offspring showed a nyot-i. ^ 
percent of ^ n ^ ^ wild - t ype banc f 4.7 

of approximately 3 Kb in ^ targeted 

Kb, demonstrating germline transmission 

gene segment. ^ ^ £or the 

mutation, Zygotes were bred together and^eavy chain 
genotype of the offspring determin * ~ heteromete 

^oted. three ^"^JJ" peoples of the normal 
matings: wild-type mice bearing two p 
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locus, heterozygotes caring one targeted copy of the gene and 
one normal copy, and mice homozygous for the J H mutation. The 
absence of J H sequences from these latter mice was verified by 
hybridization of the Southern blots of Stul-digested DNA with 
a probe specific for J H (probe C, Fig. 21a). Whereas 
hybridization of the J H probe to a 4.7 kb fragment in DNA 
samples from heterozygous and wild-type siblings was observed, 
no signal was present in samples from the J H -mutant 
homozygotes, attesting to the generation of a novel mouse 
strain in which both copies of the heavy chain gene have been 
mutated by deletion of the J H sequences. 

EXAMPLE 12 
Heavy Chain Minilocus T ransaene 

A . rnnstT-uctipn of nlasm i ri vectors for cloning large DNA 

sequences 

1. pGPla 

The plasmid pBR322 was digested with EcoRI and Styl 
and ligated with the following oligonucleotides: 

oligo-42- 5 ' - -caa-gag-ccc_gcc_taa jtga_gc^g_ggcj:t^ttt^ttg^at^ 
act gcg gcc get -3' 

oligo-43 5'- aat tag egg ccg cag tat gca aaa aaa age ccg etc 
att agg egg get -3 • 

The resulting plasmid, pGPla, is designed for 
cloning very large DNA constructs that can be excised by the 
rare cutting restriction enzyme Notl. It contains a NotI 
restriction site downstream (relative to the ampicillin 
resistance gene, AmpR) of a strong transcription termination 
signal derived from the trpA gene (Christie et al., Proc. 
Mat*! . Acad, sci. USA 7_8_;4180 (1981)). This termination signal 
reduces the potential toxicity of coding sequences inserted 
into the Notl site by eliminating readthrough transcription 
from the AmpR gene. In addition, this plasmid is low copy 
relative to the pUC plasmids because it retains the pBR322 
copy number control region. The low copy number further 
reduces the potential toxicity of insert sequences and reduces 
the selection against large inserts due to DNA replication. 
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The vectors pGPlb, pGPlc, pGPld, and pGPlfi are derived from 
pGPla and contain different polylinker cloning sites. The 
polylinker sequences are given below ^ 



pGPla 



NotI 
GCGGCCGC 



pGPlb 

GCgg^cgcc^gagatcac^ 



NotI Xhol Clal BamHI . HindIII_No« 



pGIlc 

?o NotI Smal Xhol Sail Hindlll BamHI SacII NotI 
GCggccgcatcccgggtctcgaggtcgacaagctttcgaggatccgcGGCCGC 



25 



pGPld 



NotI Sail Hindlll Clal BamHI Xhol NotI 
GCggccgctgtcgacaagcttatcgatggatcctcgagtgcGGCCGC 



30 pGPlf 

*t~«-t caiT winc3TTT EcoRI Clal Kpnl BamHI Xhol NotI 
GCggccgctg?^ 

35 Each of these plasmids can be used for the construction of 
large transgene inserts that are excisable with NotI so that 
the transgene DMA can be purified away from vector sequences 
prior to microinjection. 

40 2. pGPlb 

pGPla was digested with NotI and iigated with the 
following oligonucleotides: 

oligo-47 5'- ggc cgc aag ctt act get gga tec tta att aat cga 
45 tag tga tct cga ggc -3« 

oligo-48 5'- ggc cgc etc gag ate act ate gat taa tta agg ate 
cag cag taa get tgc -3 ' 
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The resulting plasmid, pGPlb, contains a short 
polylinker region flanked by NotI sites. This facilitates the 
construction of large inserts that can be excised by NotI 
digestion. 

5 

3 . oGPe 

The following oligonucleotides: 

oligo-44 5'- etc cag gat cca gat ate agt acc tga aac agg get 
10 tgc -3* 

oligo-45 5'- etc gag cat gca cag gac ctg gag cac aca cag cct 
tec -3" 

15 

were used to amplify the immunoglobulin heavy chain 3 • 
enhancer (S. Petterson r et al.. Nature 344:165-168 (1990)) 
from rat liver DNA by the polymerase chain reaction technique. 

The amplified product was digested with BamHI and 
20 SphI and cloned into BamHI/SphI digested pNN03 (pNN03 is a pUC 
derived plasmid that contains a polylinker with the following 
restriction sites, listed in order: NotI, BamHI, Ncol, Clal, 
EcoRV,-XbaX,_SaaI,„Xh^ Smal^ Kpnl^ 



Hindlll, and NotI). The resulting plasmid, pRE3, was digested 
25 with BamHI and Hindlll, and the insert containing the rat Ig 
heavy chain 3 f enhancer cloned into BamHI/Hindlll digested 
pGPlb. The resulting plasmid, pGPe (Fig. 22 and Table 1) , 
contains several unique restriction sites into which sequences 
can be cloned and subsequently excised together with the 3' 
30 enhancer by NotI digestion. 
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TABLE 1 



-^c===csecaMsecermc=:K«5egea^^ 

qccccccccscs,~ ^.,Z^. a ^/. a »r-rgegaaaraacceaccessceeaaqqcrcges- 



-™ ■ nw^GaAaaGa^s^ 



fJM^U, j I'lLUlUL'lCMG 



Sequence of vector pGPe. 
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A human placental genomic DNA library cloned into 
the phage vector XEMBL3/SP6/T7 (Clonetech Laboratories, Inc., 
Palo Alto, CA) was screened with the human heavy chain J 
region specific oligonucleotide: 

10 oligo-l 3- gga ctg tgt ccc tgt gtg atg ctt ttg atg tct ggg 

gcc aag -3 1 

and the phage clone XI. 3 isolated. A 6 kb Hindlll/Kpnl 
15 fragment from this clone, containing all six J segments as 
well as D segment DHQ52 and the heavy chain J-M mtromc 
enhancer, was isolated. The same library was screened with 
the human jt specific oligonucleotide: 

20 oligo-2 5- cac caa gtt gac ctg cct ggt cac aga cct gac cac 
eta tga -3' 

and the phage clone X2.1 isolated. A 10.5 kb Hindlll/Xhol 

- 2 T-f¥aglfe-ntT-containing-the-M switch- region. ajid_all_^f_the_M 

constant region exons, was isolated from this clone. These 
two fragments were ligated together with KpnI/XhoI digested 
pNN03 to obtain the plasmid pJMl. 

30 2. pJM2 

A 4 kb Xhol fragment was isolated from phage clone 
X2 1 that contains sequences immediately downstream of the 
sequences in pJMl, including the so called U element involved 
in ^-associated deleteon of the M in certain IgD expressing 
B-cells (Yasui et al., Eur. J. ImmunoJ,. 19:1399 (1989), which 
is incorporated herein by reference) . This fragment was 
treated with the Klenow fragment of DNA polymerase I and 
ligated to Xhol cut, Klenow treated, pJKl. The resulting 
plasmid, pJM2 (Fig. 23), had lost the internal Xhol site but 
retained the 3' Xhol site due to incomplete reaction by the 
Klenow enzyme. pJM2 contains the entire human J region, the 
heavy chain J-M intronic enhancer, the M switch region and all 
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as well as the two 0.4 kb 
of the m constant ^ in .-associated deletion 

direct repeats, aM and T*, 
of the ft gene. 

The following human u rey 
oligonucleotide: 

, *«t tac tat «t t=, m tat tat aac =a= 



5 3. 



■ acenta genomic library for D 
used to screen tbe human ^ ^ isolated . A 

region clones. Phage c on D eleMnts i^, LW 

, a.s KbXhoI that^ncl , : , 141 (198S) ). was isolated 

from phage clone X4.X- to ' ^ and 
tragment, that includes the of tnMa D 

„ M . was isolated from phage clone X£ • ^ q£ ^ 

0 -ion -X fragments wer- ned^nt^ ^ _ ^ ^ ^ 

plasmid *^ t „ 0 seq uences. The upstream 

.rag.ent was then excxsed^ ^ox ^ tMUlting 

^stream fragment er witn Sail digested 

!5 isolated fragments were Ugated contains a 10.6 kb 

to give D P se9Bent s and can be excised 

i^ert that includes at least *° 
wttb a,oI (5') and EcoRV (3 ). 

" " The plasmid P** was Tn'^the 

Ucchizomer ^\^J^T ^^ » was 
Klenow fragment of DNA P°^*" S ^ lsolated . This insert 

-JSrt, « --- -- - - - 50,01/0141 

rges^to-neratepcoHXCng.^.. 



5. E2B2Si Hindlll fragment containing the 

A 10.3 Kb genomic Hindlll rr * v l05 

he aw chain variable region segments V H z 
40 two human heavy cnaj.« 
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« *.„t-o 331-446 (1988), which is 
(Humphries at a!.. ™ ~ ^ uas subcl oned int. P«F72 to 
incorporated herein by referenc 
give the plasmid pVH251. 

6 ' 21281 , f „ nCORl «as partially digested with Xhol 

The plasmid pCORl wa P ^ ^ 

and the isolated Xhd/Sall insert 25) . 

pICHl contains 2 functio segB ents, the human 

least 8 human D segments all 6 hu , ragion> 

enhancer, the human •'-^^J** element, 
all of the human , COd "'^Iln dancer, such that all 

:i:r e r ^ ; r r — — « 

transgenic animals. 




20 1rnn-i OT><a i pHC1 . ^ r1ones 

- -^-IlQUttaiL^ for human Ig 

^ToU^wing oligonucleotxde, specxfx 

g constant region genes: 
ctg gac -3' 

- to screen the human genomic library. Phage clones 
ms used to screen BlndlH fragment of 

12S.4 and X29.5 were related. A ^ ^ ^ 

30 phage clone X29.4. contain, a * * loned into ^ 

phage vector lambda FIX" II (S ^ subclass o£ ^ 



oligo-67 



5»- tga gec cag aca ctg gac -3' 



pCT/US92/t0983 

WO 93/12227 

Phage clones \29.= 
to be of the 7 1 subclass. 

2- Baal . fragment of phage clone 

A 7.8 Kb HindlH d lnt o pocis. The 

containing the T l coding ^ wlth xhoX. Klenow 

resulting pi—* ^ destroy the internal Xhol The 
seated, and dusted with HindXXX and £e 

resulting clone, pLTlxK, ^ generat e the pi 

„ insert isolated and cloned into P ^ polyll „*er Xhol site 

clone pLTlxKs. D*-*^ ° £~ lt . gene rates a ^ *> 
and a human ^^"1 constant «gion coding exons. • 
' fragment containing the t together with an 

7 6Kb XhoI/BamHI fragment =1 fr om phage clone 

15 adjacent downstream 4.5 Kb BamHX «— ^ ^ p ^ 

" £. S XhoI/BamHl digested *~ « region 

.lone ^ Kb of downstream seguences, 

coding exons, tog enhancer. 
. . 4- heaw chain -» 



coding exons, tog enhancer 

^ the rat heavy chain -> 
linked to tne I - a 

?? . •„„ the -yl switch 

region and the first «. «» ~ 

fP sideras et al. d* 89 ' TJT^T^dcloned into pSP72 wi» 
25 seated from phage «- s . end of t he insert 

the polyli*« ««« slte f ^ "", ls The Xhol/sall insert of 
« generate the pU-« „ gener ate the 
ps ; is was cloned into «^ Stains all of the 7 1 
nlasmid clone p-,e2 (Fig- «> • ^ treaB switch region 

3„ conftant region coding exons, and ^ * ^ ^ rf ean 
lid sterile transcript e*ons «»* enhancer. This 

fences, li— to the rat heayy ^ ^ rf ^ inser t. 

^ e contains a unique ^ si te and the »< rat 

- ^jr^- — by di9estiOT 

35 enhancer can 
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10 



15 



4. pHCl oeted W ith Xhol and the 43 

The plasmi* ^c xToI Rested P,e 2 to 

* b insert ™ g " , P-Cl contains , 

generate the P*— ™ „ts, at least S human D 

functiona! human ^ enhancer . the 

^ ^ITZXZ, switch -,ion. aU o* the human 
human ay. element, tne element , and the human yi 

M coding exons, the ^ ated switch region and 

—ant region, ^^S^Z*. ^ther with the rat 
sterile transcript associat ^ sequence 

hea vy chain 3- enhancer such th away from 

elements can be isolated on a . ^ ^ microinjected 

vector sequences, by rate transgenic animals, 

into mouse embryo pronuclei to gener 

, TaM andlaG_eiffiressin5^iZ^ 
D . gojQstructj^-J'^^ 

^m^a^ntal genomic D«A 1* ry^ ^ 

3 XI , stratagene, La .olla, <*> was 

in VHl-f amily- specif ^oligonucleotide. 

4- *i-t att cac ccc tgt gtc etc tec 
n«o-49 5'- gtt aaa gag gat ttt att ca 
olxgo-49 5 ca g- t gtc _ 3 , 

Phage clone X49.S was isolated - -/^^ «• 
fragment containing the variable segment VH Qf 
(such that the polylinker ciax ^ 

to generate 

30 VH49.8 and the P" 1 *" *f** n of this insert was 

rr:^ - ^nation si^s. thus indicate 
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TABLE 2 

rrsssssz usssz3& g=sscs: -zssxszz 

~~ -^AESGC^ AKE^TCTS, GSr^.-.w':^ 

.^fflAftiKm osassras 

^--sca gc^csicscc siggscigs. 

, , — CSOBitaa ggggoxccc 

• otssaessr ccsrrrCT 

SSS 5" 

Jrr-Ssc amsisae cioccisa 

gjCTSS^r gsCGEMffi rSetfalLys ValSaCysL 

JBU3U0S «3G3CCrrc lalleSerlr jWaO^gn — - 

S ss3aaacc a ^52S 

^^Q2a*c TRCQCSQG^ ^SvalThr IleTtuAl^ 

-rroaGriG trn^^ ~" 
GrnarrsGG txm»**-±« 



sn 

'-50 

2X 

250 

300 

350 

400 

450 

500 



800 
812 



V H 49.8 
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2. EV2 



10 



A 4 Kb Xbal genomic fragment containing the human 

„ 4 ,i rsanz et al., Hffifl-2.- . 4:3741 (1989)), 
V„IV family gene V B 4-21 (Sanz e . ^ ^ 

subcloned into the «* 

BindlH. and treated with the Klenow gm digested, 

Th e blunt ended fragment was then cloned nto « al * 9 

Klenow treated, PVH49.8. ^VvHWl in 

the human heavy chain gene VH49.8 lmxe v 3 , end o£ 

the same orientation, with a unique Sail site at the 

Z insert and a unique Xhol site at the 5- end. 



3 ' /j^^rr-s^trs. ... *> 

together with the ^"^™,1 » and Cloned into 
were isolated from the phage clone id , 
Hindlll/Xbal digested pOCIS vector. The resulting P 

stains a 3.S Kb ^-e s = =S* 

." the sterile transcript and the associated switch 
recombination ♦ 

30 4 ' -B * 1 The pS.l-5. insert was excised with smal and 
HindHI, treated with Klenow enzyme, and ligated with the 
following oligonucleotide linker: 

35 5'- ccg gtc gac egg -3' 

The ligation product was digested with sail and 

Tall digested pV2. The resulting plasmid, pVP, contains 3.8 
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wo human ^r^ ^ digestion with sail 
„. The PVP insert is ^^^^ by purification of 
and complete digestion with Xhol, fo ^ 
5 the 15 kb fragment on an agarose ,e The^ ^ 

oXo ned into ^ v ^tlinl two human heavy -in 

clone pVGEl (Fig. 27) . pv<* constant gene 

liable gene stents I ite „etween the 

ana associated «M region. ™ ^ ln D , 

- -rrS- ^-in 3- enhancer is 

r^Ttir: end * — - - insert - 

flanked by NotI sites. 

15 =• -» The Placid done ^JfiT^JSZ 

clone, PHC2 (Fig. s s all , huM n Ja 

region segments, at hunan „„ ele ment, the 

20 «- T Tatf of «e human . coding exons, the 
human a switch region ._all_of_the t including _ 

human «. element, and the human , associa ted 

^ associated ^/^^Tequences upstream of the 
exons, together with 4 kb flanking q nces m 

25 sterile transcript initiation -^hese ^ ^ 

linked to the rat heavy single £ragB ent, 

- -r^rsL=.r^- - - . 

into mouse ^ ^ ^Z of the 
30 transgenic ani-als. A unique ^t*^ ^ human variable gene 

. ^ ^ be used to clone „ £££L~X "versity of 

segments to further expand the recombi 

this heavy chain minilocus. 

35 e. san sa-nic pics olasBiQS pIGHl and pHCl were 

The NotI inserts of P£ S »£J electrophoresis, 
isolated from vector sequences by ^«oseg lei of 

The purified inserts were microimected into the p 
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fertilized (C57BL/6 x CBA)F2 mouse embryos and transferred the 
surviving embryos into pseudopregnant females as described by 
Hogan et al. (B. Hogan, F. Costantini, and E. Lacy, Methods of 
Manipulating the Mouse Embryo, 1986, Cold Spring Harbor 
Laboratory, New York) . Mice that developed from injected 
embryos were analyzed for the presence of transgene sequences 
by Southern blot analysis of tail DNA. Transgene copy number 
was estimated by band intensity relative to control standards 
containing known quantities of cloned DNA. At 3 to 8 weeks of 
age, serum was isolated from these animals and assayed for the 
presence of transgene encoded human IgM and IgGl by ELISA as 
described by Harlow and Lane (E. Harlow and D. Lane. 
Antibodies: A Laboratory Manual, 1988, Cold Spring Harbor 
Laboratory, New York) . Microtiter plate wells were coated 
with mouse monoclonal antibodies specific for human IgM (clone 
AF6, #0285, AMAC, Inc. Westbrook, ME) and human IgGl (clone 
JL512, #0280, AMAC, Inc. Westbrook, ME). Serum samples were 
serially diluted into the wells and the presence of specific 
immunoglobulins detected with affinity isolated alkaline 
phosphatase conjugated goat anti-human Ig (polyvalent) that 
had been pre-adsorbed to minimize cross-reactivity with mouse 
immunoglobulins. Table 3 and Fig. 28 show the results of an 
ELISA assay for the presence of human IgM and IgGl in the 
serum of two animals that developed from embryos injected with 
the transgene insert of plasmid pHCl. All of the control non- 
transgenic mice tested negative for expression of human IgM 
and IgGl by this assay. Mice from two lines containing the 
pIGMl NotI insert (lines #6 and 15) express human IgM but not 
human IgGl. We tested mice from 6 lines that contain the pHCl 
insert and found that 4 of the lines (lines #26, 38, 57 and 
122) express both human IgM and human IgGl, while mice from 
two of the lines (lines #19 and 21) do not express detectable 
levels of human immunoglobulins. The pHCl transgenic mice 
that did not express human immunoglobulins were so-called G 0 
mice that developed directly from micro injected embryos and 
may have been mosaic for the presence of the transgene. 
Southern blot analysis indicates that many of these mice 
contain one or fewer copies of the transgene per cell. The 
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action of human XgM in the serum of ^^vtd "ce £t 
h uman X,K and I, G X in P-l "^^^l^^ VC, 
tt. transgene scenes ^^"^j^,. one of the 

3 °""i\:r"-" - - «— ■ by southern biot 

5 ""vsis and slowed no **~«>1. levels of human X,„ or 
T^l lne second animal (#») co***-* approx^ately 5 
IgGl. The seoon assay ed by Southern blotting, and 

copies of the transgene, as assayen °* 

sh Ld detectable lev, . * human ^ V ^ - 

10 results o f ELXSA assays f or U ^ ^ develp^ ^ 
transgene injected embryos is summarized in 
(Table 3) . 

TABLE 3 

15 netection of human XgK and Xgd in the serum of transgenic 
animals by ELISA assay 

approximate 

+ 



25 



30 



40 



6 


pIGMl 


1 


7 


pIGMl . 


0 


9 


pIGMl 


0 


10 


pIGMl 


0 


12 


pIGMl 


0 


15 


pIGMl 


10 


18 


pHCl 


0 


19 


pHCl 


1 


21 


pHCl 


<1 


26 


pHCl 


2 


38 


pHCl 


5 



+ + 



++ + 
++ + 
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Table 3 show, a correlation between the 

* fh 0 nresence of transgene encoded 
integrated transgene DNA and the presence ^ 

immunoglobulins in the serum. Two of the an deteotable 
5 £o und to contain the P HC1 transgene d d not exp 
levels of human immunoglobulins . These were 
nILls and may not have contained <*"™ 

transgenes, or the annals - h- .en e ic mosaic ^ 
indicated by the <1 cop, , per ce esti ^ ^ 

M and the transgene containing the transgenes may have 
hematopoietic lineage. Alternatively, oonducive to 

integrated into genomic locations that are conduc v 
their expression. The detection of human I,H l th > 
pICHl transgenics, and human I,M and IgGl in pHCl t g 

15 Indicates that the transgene seguenc s t «c orrery 
directing VDJ joining, transcription, and isotyp 



'■ fima 1o £ tstess the functionality of the pHCi transgene in 
2 „ «, joining and class switching, as well the 

the transgene encoded human B-cell receptor in B cell 
development and allelic exclusion, the structure of 
immunoglobulin cDNA clones derived from transgenic mouse 
spleen mRNA were examined. The overall diversity of the 
25 Insgene encoded =; ^ ^Z^. 

=i"3T-r^ C - Actional - -olecules was 
^mTed! Transcripts encoding IgM and IgO incorporating 
VH105 and VH251 were examined. 
30 Polyadenylated RHA was isolated from an eleven week 

old male second generation line-57 pHCi transgenic mouse. 
This RNA was used to synthesize oligo-dT /"'U^ 
landed cD»A. The resulting cOHA was then used - 
for four individual PC* amplifications using f 
35 four synthetic oligonudeotides as ™« ^ 

„ 1Aq cta qct cga gtc caa gga gtc tgt gcc gag g^s* * 
: a Tt c ™i05 specific c-150, gtt get cga gtg aaa ggt gt= 
1 £ gag gt, cag ctg (g,a.t.c,; human gammal specific 

* 9* cca cga cac cgt cac egg ttc ; and 
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• , ra act act cga 99= = aa C9 » ^ 
hu man mu specific prim ers 0-149 and o-151 to 

cgc tgc tog. 1 react icn 2 used o-14» *»d o 

^Ufy VHasi-gammai 3 used 0 - 15 o and 

152 to amplify VH251-mu "^"f ^ , a nd reaction 4 used 
0 . 151 to amplify ^^^n tran-ripts. ^ 
0 - 15 0 and o-«2 to ampUfY vn ed froB m agarose 

suiting 0.5 Kb W* P rod ^ s S Mere more abundant than the y 
g el ( the (* transcript P"*^"^ ^ ^responding ELISA 
transcript products, =° nslS ^* t " Mere dlge sted with Xhol and 
data («,. '*>• *• » ^ oouole-stranded plasmid M 
cloned into the plasmid pK»03 D ^ ^ of ^ 

was isolated from mimpreps of n clng actions were 

f0 ur PC* amplifications QUt to be deletions 

perform. Two of the clones turn ^ ^ faeen 

, containing no D or J « tS , ducts and are liKely to 

derived from normal ^ ^""'Xoduced during PC* 
have originated from demons ^ ^ ^ ^ , 
a^lification. One of the DH* s P adaitlon al clones 

of two ^^^rcs (P«sumahly because the 
0 did not produce readable DSA segu DKA sequences of the 

DWl samples were not clean enough, ^ TaMe 

VP, jo ints from the rema^g ^ ^ 
4 . Bach of the sequence ^ Qr single clone of 
single pathway of gene rearran, ^ ^ ^ no 

2S transgene ^- s ^t s als 0 an indication of the large 
two sequences are alike is expressed from a 

^versity of immunoglobulins that can ^ d 

^act minilocus "^"^^ents. all six of the J 
^ « , segments - ^entfthat are included in ^ 

3„ segments, and 7 of ^ ^ addition , bo th constant 

transgene are used in WJ lncorpora «d into 

region genes (mu and gammal) ar ^ ^ ^ spe(=lflc 

transcripts. The VH10S ^ Tne refore many of the 

for VH105 in the reactions perf ^anscripts. 
3S clones from reactions : ^-4 reaction 3 PC* 

Additionally, clones ather ^n igc; however this 

product turned out to j*"^ duct fro . reaction 4 as 

Ly reflect contamination with PCB pr 
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the DNA was* isdated on the same cel. » were 

amplified fro, aduit human perip ^ „ as 

and the DNA sequence of the ™ ]01 "^^. m:395 -407 

recently reported by Vamada et al. II^SE- 

(U ,1> , which is incorporated herein by reference, . We 
Spared the data fro, hu*an PBL with our data fro, the pHd 



transgenic mouse. 
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G. T ee ginent r.hoice 



segments found in * ^ » ^ similar , J4 ls the dominant 

^segment in human «■ ana the — c -I- 

j. segment Choice 

table 5 

10 Percent Usage (± 3%) 



■T - segment 



7 1 

Jl 3 <1 

J4 4 3 15 

J5 26 — 



J6 

20 100% 



100% 



H. n_ ^pgmpnt choice analvze d by Yamada et 

« M <40 of .2, of ^-^L pHCl 

al . ^^jj^, 0 ^:^^ seguences 

t T^«£^C«~ to any of the -own 0 
7amen« Two of tlese 11 unassigned clones appear to be 
secants. W DIR2 segments which is 

,0 derived from an Becn a n ism. which was 

included in the pHCl constru ^ 
predicted by Ichihara et al. J was n „t . 

observed by San, VUSMUA; ^""l"", 395- 07 (1991)). 

.(rf.red bv Yamada et al. (L TW>. Med - ill- 3" * » 
Tl Ts ^comparison of the 0 segment district on for the 

Ihci transgenic -. - 
scripts by Yamada J"' exclude „ segMnts that 

compiled to include DIK2 use, and s ^ ^ 

are not in the pHCl transgene. Table 6 ^ 
40 distribution of D segmen, [^^Z ^ dominant human D 
transgenic mouse and in human PBL. The ^ 

— **' Ti^e dramatic dissimilarity between 

the transgenic mouse. m« 
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of DHQ52 in 

tte «o distributions is the ^//^ The high fre» 
transgenic mouse as compared to dUtribu tion in the 

of is -^^ 2 °* a : h obse „ea that of the 

human fetal l^er. sanz h oes . If D segments 

s=r = - - — " - """" 

mouse- 

1° D segment Choice 

PerC ent Usage (t^^ 

Tl cerpnent <x 

<1 6 

" DXP1 25 l 2 

DXP'l ~~ <1 12 

DAI 7 2 2 



DK1 12 4 

20 D *£ 0 7 2 

4 
2 

17_ 



DIR2 <i 

DM2 3 

DLR2 26 

DHQ52 17 



25 ? 100% 

100% 



30 I 



35 



„ SJMEioiaUfi^-^a-^ acid sequences of 

TaW e 7 shows the a „ aly2ed from the 

^e VDJ regions fro. 30 ^nes that s indic ate that 23 of 

PHCX — sgenic s ^^T-» — * ~ 

the 30 VDJ ;joints (77 *' 
variable and J segments. 
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t 

1 VH2S1 KU ^* * 

3 VH2S1 2? J5 ri 

<, VH25I 53CP'l J ° 

5 VH251 aXP*l Tt 
€ VH251 C? -73 
7 

6 VH231 CH0S2 J6 a 
9 VH251 " ^ * 



FR3 CDR3 FR 4 

■»ajl HRXMN5RK MeOCtLVIVSSASTK 
^OUl HfflXXOTTTTtVWTSGNBSPBSFSPOFM 

Han swrcssswHvror •*qgxx.vtvs»sik 
to* aswsuMW wsacxwrvsasiK 

VH2S1 0BQ52 J3 » axb*»b* 

yo« s mmm acv wosrwrvsseas 

vhjsi cue « u w ««r ^osiwivsssas 

:1 VH251 wi « » "» omwwmw vcqctlvtvsscsxs 

raw arret woexrmsscas 

12 VH2S1 0? Jl n TCTR u 

VH231DK»2J6* tOIl CnTOWW 

VK251 o» -i « * HntBcswrnraov 
VH251 wi -4 Tt *e» ccvuilwuiiit™ 
vhxos d»*i ^ » . ^ narcm«mw»WH 

VH251 DXT-1J4 7i *» SWWBCStWVfW WWKtOTVSSWIK 

TOR OTMW IWOCttVTVSSASIR 

yoa Giscnwmciw «ogttvtvs»stk 
not o i uluiipy iMCix.vivsses»s 
tout «6rDtxi3raauJ«i«*-i«"TT'rTm 
vbsx one j« ti « Asaawnow wQGmrvss^ 



13 
14 
IS 

:s 

•*7 



18 



VH2SX DHBS2 J4 r. 

19 VID3X DC J* Tt 

20 VB25X DBQ32 J4 u 

n VH2S1 na J2 * 

22 

23 VKZSl 0ZB2 J4 » 

24 VH03 07 « V ™ vrazziiraw^^ 

25 VH103 DXPl J4 R «W OXXOTDT 



wasDVXvsffssiks 



macxsvTVSSGsns 

26 VR23X aa J3 n *™* TljninnrfT 

27 VttOS DBQ92 J3 » WW SXWOMW 

2t vbsx aa J4 h 

29 vnos on J * ^ 

30 VB31 OKU M » 
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Tab le S ~*«^ joints in «- pHCl 
f rom transcript " pBL . A ,ain the human «• 

transgenic mouse to those i ^ filas are similar with 
data comes from Yamada et ai. smaller cDR3 

the transgenic profile sKewed sightly rf 
peptides than observed from acids . This is 

in the transgemc mouse i ^ ^ for 
substantially the same as the lil :i720- 
authentic human CDR3 peptides by sanz ( 

1729 (1991)). 

CDR3 Length Distribution 

Percent Occurrence^^ 
TTP 1 4- ya nscrenic GHii 




26 

3-8 4 8 



14 
41 
37 



20 9-12 26 7 

20 13-18 <x 7 



19-23 <i _ 

>23 " 

100% 



100% 
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i Tnn1~-1T " f " ' r ' w " , " fl ^ T^Tlilii ii Ii r 

^^e^ytT 3 enomic » ^ K ies , 

tatc the Phage vector ^"'^f^ ^T^PacI/Hinaill 
xnc, Palo Alto. «> ^Yeavy chain w in«on" 

fragment or X1.3 contain, th e briaUa tion with a 

— ~ !::^rr^: eSL oUgonudeoti.es: 



40 



enhancer.. Positive clones ««. w cleotide s: 
fixture of the following V H specific ol.gon 

~ +-ct aaa tac acc 
oligo-7 5-tca gtg aa, gtt tec tgc aag gca tot 

ttc acc-3' 

5 ..tcc ct, aga etc tec tgt gca gec tct gga ttc acc 



oiigo-8 



ttc ac — ' 
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15 



Clones that hybridized with both V and J-,* probes 
are isolated and the DNA sequence of the rearranged VDJ 
segment determined. 

B .nnn nf arranged hum.. hn,v v chain transgenes 

Fragments containing functional VJ segments (open 
reading frame and splice signals) are subcloned into the 
Tllid vector P SP72 such that the plasmid derived Xhol site 
I adjacent to the 5- end of the insert sequence. A subclone 
ntalning a functional VttT segment is digested with Xho and 
Pad (Pad, a rare-cutting enzyme, recognizes a site near the 
Z inlonlc enhancer), and the insert cloned into Xhol, Pad 
digested P HC2 to generate a transgene construct with a 
functional VDJ segment, the J-m intronic enhancer, the , 
switch element, the M constant region coding ^J^^ 1 
constant region, including the sterile transcript associated 
sequences, the yl switch, and the coding exons. This 
transgene construct is excised with HotI and mxcroin D ected 
into the pronuclei of mouse embryos to generate transgenic 
20 animals as described above. 

FY AMPLE 14 

T^hf Chair; Transaenes 

A . ^ncrructi"" Plasmid vectors, 

25 l. Plasmid vector pGPlc 

Plasmid vector pGPla is digested with NotI and the 

following oligonucleotides ligated in: 

oligo-81 5-ggc cgc ate ccg ggt etc gag gtc gac aag ctt teg 
30 a 99 ate cge-3' 

oligo-82 5-gge cgc gga tec teg aaa get tgt cga cct ega gac 
ccg gga tgc-3 * 

35 The resulting Plasmid, pro. contains a polylinKer with 
Xhol, Sail, HindHI, and Ba^I restriction Sites flanKed by 
NotI sites. 
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2 . Plasmid vector pGPld ani the 

Plasmid vector pGPla is digest 
following oligonucleotides ligated in: 

tgt cga caa get tat cga tgg ate etc gag 
tec ate gat aag ctt gtc gac 



5 oligo-87 5'-ggc cgc 
tgc -3" 



oligo-88 5»-ggc cgc act cga gga 
age -3' 

10 4* nrPid contains a polylinker with Sail, 

The resulting plasmid, pGPld, conta f ^ by 

Hindlll, Clal, BamHI, and Xhol restriction sites flanked y 

Not! sites. 

15 B " J ,. 1 irl rni nf T, l\° l 2T nic DNft library cloned into 
A human placental genomic dna i"ra * 

^ V1TMBL3/SP6/T7 (Clonetech Laboratories, Inc., 
the Dhaae vector XEMBIjJ / of o / x / v t 

mo Alio. «« - With ^ ^ ^ 

region specific oligonucleotide: 

20 -,-rr act aaa gat taa acg 

oligo-36 5'- eac ctt egg cea agg gac «fl act gga g 

taa gca-3» 

an d the Phage clones 13S.2 and 13«.5 ^ 
25 fragment that includes the J.1 segment was isolated fro. 
STH- suhdoned into the plasmid pNH03 to genera te the 
p »id clone P3..2. . neighhorin, 13 » XhoX -^ent that 
Includes OX segments 2 through 5 together «**^ 
segment was isolated from phage clone 136.5 ana 
30 tTplasmid p>mo3 to generate the plasmxd 

Together these two clones span the re gl on beg.nnxng 7.2 Kb 
upstream of 3.1 and ending 9 kb downstream of to. 

3S T. ^I, a e. vector for expressing rearranged viable 
segments ^ ^ ^ ^ of plasmid clone p36.5 

containing the « gene, together with 9 Kb of downstream 
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* it cite of plasinid vector 
fences, is " rt adja cent to the plasmid 

pGPlc with the 5- end of the 

Lor site. The resulting clone. PC* can ^ ^ ^ 
fragments containing rearranged segm ^ ^ 

s . Xhol site. The transgene can then - « s _ ^ 

puri£ ied from ^ th e human ,-c. 

^"^^rarerannanontain the human 3- . enhancer. 

intronic enhancer an 

2 . pCK 2 . a C. vector with heavy chain enhancers for 
pressing rearranged variable segment ' ^ 

h 0.9 to Xhal fragment o, mouse ,^ (j _ 

, ^cuto'generate the plasmid pJH 2 : .. 1- 

ll„eari«d with sphl ^ ^ s then 4igeste d with HindXXX 
enzyme. The Klenow treated OH* ^ 
Md a 1.4 to MluI/HindlM fragmen^ o^phag^ ^ ^ 

(previous example), containing th e 307!334 _3 40 (1984)). 

„ intronic enhancer (Hayday et al. . — ^ ^ ^ ^ 

to it. The resulting f^^J^rs lig.ted together 

and human heavy chain J-n intronl 

int o PU01S such that ^ey ^re rr - £ - ^ ! s isol a t ed and 
SamHX/HindXXX ragme,^ ^ ^ ^ 

25 cloned into pGPlc to 9 cloned in. The 

saix and the 13 to « insert - ^ — _ 
resulting plasmid, pCK2, is enhan cers are fused 

aouse and human heavy chain BOdulate session 

to the 3' end of the transgene ™ s °*. ca „ M ge „erated 

30 of the final transgene. aha^ou-on.tructs^ ^ ^ ^ 

wit h different ^^-^^er. aBUt ■ 
hea vy chain enhancer (Meyer and ■ j^mb-h. 
4:1959-196" (1989); Petterson et al., a 

(1990)). 
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3. Xsolation of rearranged Kappa light chain variable 
segments DNA libraries cloned 

*"° 'T^SP^ Clltech dories, 

into the phage vector XEMEL3/SF6AT7 ( UgM 

5 Inc .. Palo Alto. C were screened^ ^ pj6 _ 8- 
onain , region containing 3. ^ with the 

Positive clones were tested for ny 
following V« specific oligonucleotide: 

4- ««« tct ggg aca gac ttc act 
10 oligo-65 s-agg ttc agt ggc agt ,g, t=t ggg 

etc acc ate agc-3 • 

cl ones that h y hridi 2 ed with hoth V - 
and the DNA sequence of the rearrang 

15 4 . aeration of transgenic .ice containing rearranged - 
light chain constructs. - lfTie tional VJ segments (open 

pigments -""^r^nlloned into the 
wading frame and ^« ~ pcK2 to generate 

v*.«t «ites of vectors pc*.i v 
20 unique Xhol sites ot „„ OT1C3< - The transgene 

— ^Z^L ^of denies by digestion 
constructs are isolated tr ^ ^injected into 

with Hotl. Agarose gel P*"" 8 t „ nsoenic animals. 
mo us= embryo pronuclei to ^^T^*** -1th heavy chain 
25 animals expressing ^^^^ generate mice 
ninilocus containing transgenic am 

jessing fully ^fJH^-ti-. -y he capable of 
Because not all VJ« ^ & ^ 

forming stable heavy-light chain ^P s> several 

30 spectrum of different heavy chain generated, each 

Afferent light chain transgenic mice 

using a different ;« d wi th heavy chain 

that result from these constructs are 
minilocus transgene expressing mice^ P 
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Diego, CA) and analyzed by flow cytometry using a FACScan 
analyzer (Becton Dickinson, San Jose, CA) . Rearranged light 
chain transgenes constructs that result in the highest level 
of human heavy/light chain complexes on the surface of the 
5 highest number of B cells, and do not adversely affect the 
immune cell compartment (as assayed by flow cytometric 
analysis with B and T cell subset specific antibodies) , are 
selected for the generation of human monoclonal antibodies. 

10 D . n tmrtim ~* ""^^^ "* ht chain ™" ilocus 

transgenes 

1. pJCKl, a Jk, Ck containing vector for constructing 
minilocus transgenes 

The 13 kb Ck containing Xhol insert of p36.5 is 
15 treated with Klenow enzyme and cloned into HindHI digested, 
Klenow-treated, plasmid pGPld. A plasmid clone is selected 
such that the 5« end of the insert is adjacent to the vector 
derived Clal site. The resulting plasmid, P 36.5-ld, is 
digested with Clal and Klenow-treated. The JkI containing 7.4 
20 kb Xhol insert of P 36.2 is then Klenow-treated and cloned into 
the Clal, Klenow-treated p36.5-ld. A clone is selected in 
which the P 36.2 insert is in the same orientation as the p36.5 
insert. This clone, pJCKl (Fig. 34), contains the entire 
human Jk region and Ck, together with 7.2 kb of upstream 
25 sequences and 9 kb of downstream sequences. The insert also 
contains the human J-Ck intronic enhancer and may contain a 
human 3- * enhancer. The insert is flanked by a unique 3' 
Sail site for the purpose of cloning additional 3 • flanking 
sequences such as heavy chain or light chain enhancers. A 
30 unique Xhol site is located at the 5' end of the insert for 
the purpose of cloning in unrearranged Vic gene segments. The 
unique Sail and Xhol sites are in turn flanked by NotI sites 
that are used to isolate the completed transgene construct 
away from vector sequences. 



WO 93/12227 



PCT/US92/10983 



114 



10 



15 



20 



25 



a isolation of prearranged V. gene segme-s and generation 
of transgenic animals expressing human Ig II** chain protein 

The V< specific oligonucleotide, cligo-65 (discussed 
above) , is used to probe a human placental genomic DNA library 
cloned into the phage vector 1EMBL3/SP6/T7 (Clonetech 
Laboratories, Inc., Palo Alto, CA) . Variable gene segments 
from the resulting clones are sequenced, and clones thaw 
appear functional are selected. Criteria for judging 
functionality include: open reading frames, intact splice 
acceptor and done, sequences, and intact ™°°**>^°\ 
sequence. DNA fragments containing selected variable gene 
segments are cloned into the unique Xhol site of plasmxd pCTCKl 
to generate minilocus constructs. The resulting clones are 
digested with NotI and the inserts isolated and injected into 
m ouse embryo pronuclei to generate transgenic animals, 
transgenes of these animals will undergo V to J ™ 
developing B-cells. Animals expressing human kappa chain are 
bred with heavy chain minilocus containing transgenic animals 
to generate mice expressing fully human antibodies. 



30 



EXAMPLE 15 



35 



m in wgav y <**i n Human Tq Transqene 

This Example describes the cloning of a human 
genomic heavy chain immunoglobulin transgene which is then 
introduced into the murine germline via microinjection into 
zygotes or integration in ES cells. 

Nuclei are isolated from fresh human placental 
tissue as described by Marzluff, W.F. , et al. (1985), 

n 1 r M M ,nd Trnn^Hon- A Prac tical A pproach , B D 

Lmesand S.J. Higgins, eds., PP . 89-129, XHL Press Oxford,. 
• The isolated nuclei (or PBS washed human spermatocytes) a. - 
redded in 0.5% low melting point agarose blocks and lyse 
with 1 mg/ml proteinase K in 500m« EDTA, 1% SDS 
with img/ml proteinase K in 500mM EDTA, 1% SDS, 10mM DTT for 
spermatocytes at 50-C for 18 hours. The proteinase K is 
inactivated by incubating the blocks in * 
30 minutes at 50-C, and then washing extensively with TE. The 
DNA is then digested in the agarose with the restriction 
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untT as described by M. Finney in Cu rrent Protocols i n 
enzyme NotI as describe * wil & Sons , 

»^ a nm a r Biology (F. Ausubel et al. , eds. 

Supp- 4, 1988, e.g., Section 2.5.1). nulsed 
The NotI digested DNA is then fractionated by pulsed 
5 field gel electrophoresis as described by Anand et al ^ 

,« ,o, /mag) Fractions enriched for the 

TfJZ a a ed by outhem hybridization to detect 

NotI fragment are assayed ^ . - qnc h 

one or more of the sequences encoded by this fragment such 
sequences include the heavy chain D segments, J 
„ " constant regions together with representatives o all . V H 
■ Lilies (although this fragment is identl le s ,0 *b 
fragment from HeLa cells by Berman .t al. (1988). s p . 
Lrtound it to he an 830 Kb fragment from human placental 
and sperm DMA) . Those fractions containing** »°» 
15 fragment are ligated into the NotI cloning site of the vecto 
pvJL as described (McCormicR et al., T^SM 
" 1990)) . Plasmid pYACNN is prepared by digestion of pVACneo 
(Clontech) with ECORI and ligation in the presence of the 

■» ki - AAT TGC GGC CGC - 3 1 . 

olxgonucleotxde ^ ^ ^ ^ ^ 

are isolated as described by Traver et al.. Pr^^U^ 
scI.C 86:58,8-5902 (1989,. The cloned Not! insert is 

« -lecular weight yeast ON. by pulse field 

gel electrophoresis as described by «. Finney, op. cit. 
25 L is condensed by the addition of 1 - ^ embryos 

microinjected directly into the nucleus of single cell ry 
previously described. Alternatively, the DNA is -"^^ 

pulsed field gel electrophoresis and " 
^ . , . cnumn J 10:1629-1634 (1991;;* 

hv linofection (Gnirke et al., EMBO^. Aii-J- 0 * 
3„ « £ « is introduced into HS cells by spheroplast fusion. 

EXAMPLE 16 

Dis^tinu i nn^niHn Tg Transgene 

An 85 kb Spel fragment of human genomic DNA, 
. • v 6 D segments, J segments, the y. constant region 
35 containing V H 6, D segment, * isolated by YAC 

nart of the 7 constant region, has been isolated cy 

T .iLntially as described in Example 1. A YAC carrying 
cloning essentially as ue»^ 

a fragment from the germline variable region, such as a 
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o-f the 6 -830 kb NotI fragment 
Kotx fragment upstream of the ^ v ^ lS 

described above containing [ * supra . detected 

^ - described - nt rr c : i^u v 

segments.) The tw V* ^ described in Example 1. 
of a mouse single cell em« y different DNA 

^ically, ^^il of both fragments at the 
fragments result in the — 
sa me Insertion site within the chr aniMls ^ 

approximately =0* of the «^ fragments will 

contain at least one copy of each ^ ^ oonstant 

h ave the V segment fragment inserted V ^ ^ ^ ^ 

region containing « . nversion and about 50* by 

carry out V to DJ joining by vm in ^ ^ ^ ^ ^ 
deletion, depending on the orien fragment, 
fragment revive to the position ° ^ ^ 
DHA is isolated from resultant transg^ 

^als found to be ^"^^ZT 1^ containing 
blot hybridisation (specif ^ constant region 

0 both multiple human V -"-^^ expr ess human 
genes) are tested for their with standard 

immunoglobulin molecules in accordance wi 

techniques. 

EXAMPLE 17 

25 I d M£ifia£i£ -^^ 

SSfflsnces^n^ns^DJ^^ i»mi.e (see 

Harlow and Lane, Mt l t^m- ft ■ ■^TfoII^ing genetic 
30 Harbor, Hew «* chain locus for 

a deletion of J„ ' transgene 

of unrearranged human heavy chain miniloc ^ ^ 

14) * • v*, schedule of immunization, the spleen 

Following the schedule of hvbrid0 mas. 
is removed, and spleen cells used to generate hy 
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15 



20 



cells from an individual hybridoma clone that secrete, 
ceils rrom , nt i ae n of interest are used to 

antibodies reactive with the antigen oi „ ia « te d 
prepare genomic DNA. A sample of the genomic DNA is digested 

sing py . „ . sinale copy of the rearranged 

and one of which contains the single wyy 

hln light chain V, seguence. These two fragment, , ar size 
fractionated on agarose gel and cloned directs into p«M. 
Z cloned inserts are then subcloned «"ZT 
and light chain expression cassettes that contain constant 

region ^ ^ (Example 12) is us ed as a 

and rearranged VDJ sequences 
heavy chain expression cassette and rearrang 

. ^ v*«t =ite The plasmid clone pCKl is usea 

are cloned into the Xhol site, ine P 
as a light chain expression cassette and rearranged VJ 
sequences are cloned into the XhoX site. The 

abused together to transf ect SP 0 cells to produce antibodies 
that react with the antigen of interest (Co. et al., ^ 
^ Sci. USA 88:2869 (1991), which is incorporated 

herein by reference) . 

,lternatively. mR»A is isolated from the cloned 
hvbridoma cells described above, and used to synthesize cDNA. 

are then amplified by PCR and cloned (Larrick et al., 
Z^LsX. 2— ,».„,. -er the -leOtlde =egue„oe 
of these clones has been determined, oligonucleotide, are 
, synlsized that encode the same polypeptides and synthetic 
expression vectors generated as described by Queen et al., 

~ rT - r f-A OSA.. M==454- 5 458 (1989). 

, The following experiment demonstrates that 

transgenic animals can be successfully immunized with complex 
aniens such as those on human red blood cells and respond 
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with Kinetics that «• ^ « the response kinetics 

comprise .any different type, of antics on the 
5 red and white blood cells. 

MuniZ^inn with fe^lU^ " were 

Tubes of human blood from a single a 

. • „ frsnsoenic mice having 
collected and used to immunize tra " sgenl * oel (J D) and 

harbormg a human heavy ^ Md 

mice are designated as -ine i lxlo s C ells/ml 0.2 

suspended in 50 mis HanKs • and dU ^ ^ ^^ Ming . 
mis (2 *10' ceils, were then ^^Z^^n protocol 
28 gauge needle and i cc syr n^ Th. ^ ^ 

- repea r ;T^ n ; b i 0 :r r OD ^0-0^1 a„d 

were monitored by taKingJ ^ ^ A 

collecting serum and later testmg 

• _.,„. bleed was also taken as a control, 
pre-immune bleea was ^ anima ls were 

TfT' lo' cells was given intravenously through the tall to 
enhance the production of hybridomas. 
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Table 9 



25 



Animals. 
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Mice # 2343 and 2348 have a desired phenotype : human heavy 
chain mini-gene transgenic on heavy chain knock-out 
background . 

Generation of Hybridomas 

Hybridomas were generated by fusing mouse spleen 
cells of approximately 16 week-old transgenic mice (Table 9) 
that had been immunized as described (supra) to a fusion 
partner consisting of the non-secreting HAT-sensitive myeloma 
cell line, X63 Ag8.653. Hybridoma clones were cultivated and 
hybridoma supernatants containing immunoglobulins having 
specific binding affinity for blood cell antigens were 
identified, for example, by flow cytometry. 

Flow cytometry 

Serum and hybridoma supernatants were tested using 
flow cytometry. Red blood cells from the donor were washed 4X 
in Hanks' balanced salt solution and 50,000 cells were placed 
in 1.1 ml polypropylene microtubes. Cells were incubated with 
antisera or supernatant from the hybridomas for 30 minutes on 
ice in staining media (lx RPMI 1640 media without phenol red 
or biotin (Irvine Scientific) 3% newborn calf serum, 0.1% Na 
azide) . Controls consisted of littermate mice with other 
genotypes. Cells were then washed by centrifugation at 4°C in 
Sorvall RT600B for 5-10 minutes at 1000 rpm. Cells were 
washed two times and then antibody detected on the cell 
surface with a fluorescent developing reagent. Two monoclonal 
reagents were used to test. One was a FITC-labeled mouse 
anti-human m heavy chain antibody (Pharmagen, San Diego, CA) 
and the other was a PE-labeled rat anti-mouse kappa light 
chain (Becton-Dickenson, San Jose, CA) . Both of these 
reagents gave similar results. Whole blood (red blood cells 
and white blood cells) and white blood cells alone were used 
as target cells. Both sets gave positive results. 

Serum of transgenic mice and littermate controls was 
incubated with either red blood cells from the donor, or white 
blood cells from another individual, washed and then developed 
with anti-human IgM FITC labeled antibody and analyzed in a 
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15 



tra T niC Z Z "w-eas\ll U«— f an— 

-i .-pt^ were used as negative cou^^ 
S phosphate buffer saline (PBS, were gated 

E ed blood cells were united tM x ^ y 

to include only WW*' ^^etry „as performed on 
axis to provide a reference Flow cy ry ^ 
100 supernatants from fusion 2348. Four 
10 positive reactivity for blood cell antigens. 

EXAMPLE 18 

-fl-^ - ,r m dc T nn^lln Kvpression 

by >n H sonse Rift .ntisense Ig Sequences 

A vector for Expression of Mtisense ig a q 

1 construction of the cloning vector pGPlh 

L vector p»lb .referred to in a ^ ^ 
is digested with Xhol and BamHI and ligated with the following 

oligonucleotides : 

5 - gat cot cga gac =ag gta cca gat ctt at, eat tc, -3- 
teg acg aat tea caa gat ctg gta cct got «to ga, 3 

to aenerate the plasnid pGPlh. This P^smid contains a 

. ,. includes the following restriction sites. 

rrrr^«rUent - *~ Tr « 

in a previous example, , that includes 

"■pi-rst intron, and part or me 
sequence exon, first wk , * segment, 
- tm-v family immunoglobulin variable gene =» y 

*■ ^blTr^ BamHI/EcoRI ON, fragment that includes 

tb. coding exons of the human growth ^^J^^ 
w ^982^ DNA 1:239-249) is cloned into BglH/ECORX 

Seeburg, (1982) dna j..* # ^iaested with BamHI 

digested pGHlh. The resulting plasmid is digested wi 
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and the BamHI/Bglll of P VH251N is inserted in the same 
orientation as the bGH gene to generate the plasmid pVhgh. 

A 0.9 kb Xbal fragment of mouse genomic DNA 
containing the mouse heavy chain J-m intronic enhancer 
5 (Banerji et al. f (1983) Cell 33:729-740) was subcloned into 
PUC18 to generate the plasmid P JH22.1. This plasmid was 
linearized with SphI and the ends filled in with klenow 
enzyme. The klenow treated DNA was then digested with Hxndlll 
and a 1.4 kb Mlul (klenow) /HindHI fragment of phage clone Xl.3 
10 (previous example) , containing the human heavy chain J-M 

intronic enhancer (Hayday et al., (1984) Mature 307:334-340), 
to it. The resulting plasmid, pMHEl , consists of the mouse 
and human heavy chain J-m intron enhancers ligated together 
into pUC18 such that they can be excised on a single 

15 BamHI/Hindlll fragment. 

The BamHI/Hindlll fragment of pMHEl is cloned into 
BamHI/Hindlll cut pVhgh to generate the B-cell expression 
vector pBCEl. This vector, depicted in Fig. 36, contains 
unique Xhol and Asp718 cloning sites into which antisense DNA 

20 fragments can be cloned. The expression of these antisense 
sequences is driven by the upstream heavy chain promoter- 
enhancer combination the downstream hGH gene sequences provide 
polyadenylation sequences in addition to intron sequences that 
promote the expression of transgene constructs. Antisense 

25 transgene constructs generated from pBCEl can be separated 
from vector sequences by digestion with Notl. 

B. An IgM antisense transgene construct. 

The following two oligonucleotides: 



30 



5«- cgc ggt acc gag agt cag tec ttc cca aat gtc -3' 
5 i- c gc etc gag aca get gga atg ggc aca tgc aga -3' 

are used as primers for the amplification of mouse IgM 
35 constant region sequences by polymerase chain reaction (PGR) 
using mouse spleen cDNA as a substrate. The resulting 0.3 kb 
PCR product is digested with Asp718 and Xhol and cloned into 
As P 7l8/XhoI digested pBCEl to generate the antisense transgene 
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«. nMASi The purified NotI insert of pMASl is 
construct pMASl. The pur embryos— 

TaM orotein. Double transgenic mice' containing pMftSl and a 
numan heavy chain transgene minilocus such as pHd (generated 
IZr byloinjection of both constructs or by breeding of 
eitner oy j express the human transgene 

» singly transgenic Bice, »UX*^ B . cell ^ 

ratio 9 o f human to ^factors 

Because the Xg receptor plays a „ e in_B-~l X 
development mouse I* rec^t r = ^ ^ ^ ^ 

SS. - se^ir Elation, during B-cell development 

specxixc express the human 

will not compete as well as cexxs w 



receptor 
C. 



An igKappa antisense transgene construct. 
The following two oligonucleotides: 

5- cgc ggt acc get gat get gca cca act gta tec -3' 
5- cgc etc gag eta aea etc att cct gtt gaa get -3 

„ used as primers for the 
30 constant region seguences hy P = e C ha n ^ ^ ^ 

" r= - « - - r ^a^ene 

^- *=j «m to generate the antisense transgene 
Asp718/XhoI digested pBCEl to gen 

construct pKASl. The purified NotI insert of pKXSl is 
35 mtcrolnierted into the pronuclei of half day mouse embryos 
aC or in combination with one or more other transgene 
constructs-to generate transgenic mice^ ""^^ 
expresses an RNA transcript in B-cells that hybridizes with 
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mouse IgK mRNA, thus down-regulating the expression of mouse 
IgK protein as described above for pMASl. 

EXAMPLE 19 

This example demonstrates the successful 
immunization and immune response in a transgenic mouse of the 
present invention. 

Tmrnuniza -Hon of Mice 

Keyhole limpet hemocyanin conjugated with greater 
than 400 dinitrophenyl groups per molecule (Calbiochem, La 
Jolla, California) (KLH-DNP) was alum precipitated according 
to a previously published method (Practical Immunology, L. 
Hudson and F.C. Hay, Blackwell Scientific (Pubs.), P- 9, 
15 1980) . Four hundred M9 °f alum precipitated KLH-DNP along 
with 100 M9 dimethyldioctadecyl Ammonium Bromide in 100 nL of 
phosphate buffered saline (PBS) was injected intraperitoneal^ 
into each mouse. Serum samples were collected six days later 
by retro-orbital sinus bleeding. 

20 

y^v ^s af Human Antibo dy Reactivity in Serum 

Antibody reactivity and specificity were assessed 
using an indirect enzyme-linked immunosorbent assay (ELISA) . 
Several target antigens were tested to analyze antibody 

25 induction by the immunogen. Keyhole limpet hemocyanin 
(Calbiochem) was used to identify reactivity against the 
protein component, bovine serum albumin-DNP for reactivity 
against the hapten and/or modified amino groups, and KLH-DNP 
for reactivity against the total immunogen. Human antibody 

30 binding to antigen was detected by enzyme conjugates specific 
for igM and IgG sub-classes with no cross reactivity to mouse 
immunoglobulin. Briefly, PVC microtiter plates were coated 
with antigen drying overnight at 37 »C of 5 ng/rt* protein in 
PBS. Serum samples diluted in PBS, 5% chicken serum, 0.5% 

35 Tween-20 were incubated in the wells for 1 hour at room 
temperature, followed by anti-human IgG Fc arid IgG F(ab')- 
horseradish peroxidase or anti-human IgM Fc-horseradish 
peroxidase in the same diluent. After 1 hour at room 
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™. activity was assessed by addition of ABTS 

^T^ZTsT ZTis, Missouri) and read after 30 
substrate (Sigma, St. uuu.x=>, 

minutes at 415-490 nm. 

mP -K I>ntP M*«* . llustra1:es the response of three mouse 
Figure 37 illustra nuInber 1296 

Uttermates to iZZZe* "ansgene and was 

carried the human IgM and igu Mouse nUD1 ber 

T _ hoa w chain knocKout. nwuo 

homozygous for mouse Ig heavy ct> background, while 

U„ carried the transgene on a non *.ocKo ^ 
aonse 1,01 inherited neither < . these sets ^ _ 

1297 , -ther Uttermat. ca« d ^ ^ _ 

hemizygous with respect 

included as a non-immunized ^ ol - and IgM 

The results demonstrate that both nu * 

responses were deveioped to the "^^TJe M 
conjugation to P««in. H-n « • - ^ £ _ present 
molecule, hut - Nation serum samples from 

at this ^^^/^ antib odies to the same target 
the same mice, titers 01 
antigens were insignificant. 

EXAMPLE 20 

This example demonstrates the successful 
immunization with a human antigen - 
transgenic mouse of the present invent . 

in the 

demonstrating that nonrandom somatic 

variable region sequences of the human transgene. 

30 „ ^tr^l^oi^fjnSib^^ in 
an£i3SI1 Transgenic mice used for the experiment were 

heavy chain loci pruau lf<nB in the absence of 

tfce joining (J) region (SffiEa ^ t ^^ flBC tl«. The 
functional endogenous (murine) heavy chain pro 
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tra „sgenic mice also ***** ^^7^. <«■ 
unrearranged — » Heavy c ain ; ^ ^ 

gBES) , which included a constant region 

human p. constant region gene immun0 ,lobulin 
s gene. Transgenic "e-d t or immunization with 

transgene products (SJBES) «« r c „ acity of the transgenic 
. human antigen to demonstrate th capac ty 

nic e to maRe an —."^T" line and three mice of 

■ n ~~ Three mice of the HCi ^ 
immunization Three ^ ^ antigen . 

L0 the HC1-57 line (fiuaa) «• J ca rcinoembryomc 
one Hundred .g o* P« « ^ 

entigen (CEM folloMed by £ur ther weekly 

Freund's adjuvant on Complete Freund's 

injections of 23 . Seru m samples were 

15 adjuvant on Days 7, 14, ' on each day prior to 

collected by retro-orbital Weeding ^ ^ 

section of CE*. ^al volume ° 

eac h of - rtln-cLtaining immunoglobulin 

T „ containing immunoglobulin which bound to 
20 and human y <* ain -°°f ltre wells were determined by 

h uman OS* immobil on ^ « ^ £or huBan , chain- 
ELISA assay. Results or chain -containing 
containing 1»» oglobulins and hum an ^ch 
immmunoglbulins are shown in Fig • ^ ^ 

25 Significant human <• chain Ig titr 21 
lines by Day 7 and were observed to rise unti ^ 
FO r human , chain lat er for line 

""^ folv t Ti«es\or human y chain I, continued to 
30 ^ In^over time during - ~- ^ , £ollowe d 
• — * The observed human n chain ig i r 
experiment. The obs „ e veloping 7 chain 

w a plateau, combined with a later t . o q£ tte 

response which continues to rise is c ^ 

affinity maturation. Anaxy&x=» 
pa ttern seen with to an related antigen, 

35 samples showed lac* of reactiv "V ^ ^ ^^y 

Keyhole linpet hemocyamn M 'Jf ic 
response was directed against CEA in a P 
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These data indicate that animals transgenic for 
human unrearranged immunoglobulin gene loci: (1) can respond 
to a human antigen (e.g., the human glycoprotein, CEA) , (2) 
can undergo isotype switching ("class switching) as 
5 exemplified by the observed fi to y class switch, and (3) 
exhibit characteristics of affinity maturation in their 
humoral immune responses. In general, these data indicate: 
(1) the human Ig transgenic mice have the ability to induce 
heterologous antibody production in response to a defined 

10 antigen, (2) the capacity of a single transgene heavy chain 
variable region to respond to a defined antigen, (3) response 
kinetics over a time period typical of primary and secondary 
response development, (4) class switching of a transgene- 
encoded humoral immune response from IgM to IgG, and (5) the 

15 capacity of transgenic animal to produce human-sequence 
antibodies against a human antigen. 

^^■M-afcion of s o rtie mutation in a human heavy chain 

transaePft minilocus . 

20 Line HC1-57 transgenic mice, containing multiple 

copies of the HC1 transgene, were bred with immunoglobulin 
heavy chain deletion mice to obtain mice that contain the HC1 
transgene and contain disruptions at both alleles of the 
endogenous mouse heavy chain (supra) . These mice express 

25 human mu and gammal heavy chains together with mouse kappa and 
lambda light chains (supra) . One of these mice was 
hyperimmunized against human carcinoembryonic antigen by 
repeated intraperitoneal injections over the course of 1.5 
months. This mouse was sacrificed and lymphoid cells isolated 

30 from the spleen, inguinal and mesenteric lymph nodes, and 
peyers patches. The cells were • combined and total RNA 
isolated. First strand cDNA was synthesized from the RNA and 
used as a template for PCR amplification with the following 2 
oligonucleotide primers: 



35 



149 5«-cta get cga gtc caa g'ga gtc tgt gec gag gtg cag ctg 
(g/a/t/c)-3- 

151 5 f -ggc get cga gtt cca cga cac cgt cac egg ttc-3' 
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These primers specifically amplify VH251/gammal cDNA 
sequences. The amplified sequences were digested with Xhol 
and cloned into the vector P NN03. DNA sequence from the 
inserts of 23 random clones is shown in Fig. 40; sequence 
variations from germline sequence are indicated, dots indicate 
sequence is identical to germline. Comparison of the cDNA 
sequences with the germline sequence of the VH251 transgene 
reveals that 3 of the clones are completely unmutated, while 
the other 20 clones contain somatic mutations. One of the 3 
non-mutated sequences is derived from an out-of-frame VDJ 
joint. Observed somatic mutations at specific positions of 
occur at similar frequencies and in similar distribution 
patterns to those observed in human lymphocytes (Cai et al. 
(1992) .t. Exp. Med. 176 ; 1073, incorporated herein by 
15 reference) . The overall frequency of somatic mutations is 
approximately 1%; however, the frequency goes up to about 5% 
within CDR1, indicating selection for amino acid changes that 
affect antigen binding. This demonstrates antigen driven 
affinity maturation of the human heavy chain sequences. 
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EXAMPLE 21 

This example demonstrates the successful formation 
of a transgene by co-introduction of two separate 
polynucleotides which recombine to form a complete human light 
25 chain minilocus transgene. 

tsm V mr>»+Aan of an unrearranaad ligh t chain minilocus transgene 

hy eo-in-iection of two overlapping DNA fragments 

1. Tsolation of unrearranged functi onal V r gene segments 

30 ~ y)c65.3. vk65.5. vk65.8 and vk65.15 

The V K specific oligonucleotide, oligo-65 (5'-agg 
ttc agt ggc agt ggg tct ggg aca gac ttc act etc acc ate agc- 
3 • ) , was used to probe a human placental genomic DNA library 
cloned into the phage vector XEMBL3/SP6/T7 (Clonetech 

35 Laboratories, Inc., Palo Alto, CA) . DNA fragments containing 
V K segments from positive phage clones were subcloned into 
plasmid vectors. Variable gene segments from the resulting 
clones are sequenced, and clones that appear functional were 
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selected. Criteria for judging functionality include: open 
reading frames, intact splice acceptor and donor sequences, 
and intact recombination sequence. DNA sequences of 4 
functional V K gene segments (vk65.3, vk65.5, vk65.8, and 
5 vk65.15) from 4 different plasmid clones isolated by thxs 
procedure are shown in Figs. 41-44. The four plasmid clones, 
P 65.3f, P 65.5gl, P65.8, and P 65.l5f, are described" below. 

(1 a) p65.3f 

10 A 3 kb Xba fragment of phage clone X65.3 was 

subcloned into P UC19 so that the vector derived Sail site was 
proximal to the 3 • end of the insert and the vector derived 
BamHI site 5'. The 3 kb BamHI/Sall insert of this clone was 
subcloned into pGPlf to generate P 65.3f. 

(1 b) p65.5gl 

A 6.8 kb EcoRI fragment of phage clone X65.5 was 

subcloned into pGPlf so that the vector derived Xhol site is 

proximal to the 5- end of the insert and the vector derived 

Sail site 3*. The resulting plasmid is designated p65.5gl. 

(1 C) p65.8 

A 6.5 kb Hindlll fragment of phage clone X65.8 was 
cloned into pSP72 to generate p65.8. 

(1 d) p65.15f 

A 10 kb EcoRI fragment of phage clone X65.16 was 
subcloned into P UC18 to generate the plasmid p65.15.3. The V K 
gene segment within the plasmid insert was mapped to a 4.6 kb 
30 EcoRI/HindHI subfragment, which was cloned into pGPlf . The 
resulting clone, P 65.l5f, has unique Xhol and Sail sites 
located at the respective 5' and 3- ends of the insert. 



20 
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2. pKV4 . 
35 The Xhol/Sall insert of P 65.8 was cloned into the 

Xhol site of P 65.15f to generate the plasmid pKV2. The 
Xhol/Sall insert of peS.Sgl was cloned into the Xhol site of 
P KV2 to generate pKV3. The Xhol/Sall insert of P KV3 was 
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cloned into the Xhol site of P 65.3f to generate the plasmid 
pKV4. This plasmid contains a single 21 kb Xhol/Sall insert 
that includes 4 functional V K gene segments. The entire 
insert can also be excised with Notl. 



3. pKCIB 
(3 a) pKcor 

Two Xhol fragments derived from human genomic DNA 
phage X clones were subcloned into plasmid vectors. The 
first, a 13 kb J K 2-J K 5/C K containing fragment, was treated with 
Klenow enzyme and cloned into Hindlll digested, Klenow 
treated, plasmid pGPld. A plasmid clone (pK-31) was selected 
such that the 5« end of the insert is adjacent to the vector 
derived Clal site. The second Xhol fragment, a 7.4 kb piece 
of DNA containing J K 1 was cloned into XhoI/Sall-digested 
pSP72, such that the 3' insert Xhol site was destroyed by 
ligation to the vector Sail site. The resulting clone, 
p36.2s, includes an insert derived Clal site 4.5 kb upstream 
of J x l and a polylinker derived Clal site downstream in place 
of the naturally occurring Xhol site between J K 1 and J K 2. This 
clone was digested with Clal to release a 4.7 kb fragment 
which was cloned into Clal digested pK-31 in the correct 5» to 
3" orientation to generate a plasmid containing all 5 human J K 
segments, the human intronic enhancer human C^, 4.5 kb of 5« 
flanking sequence, and 9 kb of 3' flanking sequence. This 
plasmid, pKcor, includes unique flanking Xhol and Sail sites 
on the respective 5' and 3' sides of the insert. 

(3 b) pKcorB 

A 4 kb BamHI fragment containing the human 3' kappa 
enhancer (Judde, J.-G. and Max, E.E. (1992) MoT. Cell. Biol.. 
12.: 5206, incorporated herein by reference) was cloned into 
pGPlf such that the 5' end is proximal to the vector Xhol 
site. The resulting plasmid, p24Bf, was cut with Xhol and the 
17.7 kb Xhol /Sail fragment of pKcor cloned into it in the same 
orientation as the enhancer fragment. The resulting plasmid, 
pKcorB, includes unique Xhol and Sail sites at the 5' and 3' 
ends of the insert respectively. 
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(3 c) pKClB 

The Xhol/Sall insert of pKcorB was cloned into the 
Sail site of P 65.3f to generate the light-chain minilocus- 
transgene plasmid pKClB. This plasmid includes a single 
functional human V K segment, all 5 human J K segments, the human 
intronic enhancer, human C K , and the human 3- kappa enhancer. 
The entire 25 kb insert can be isolated by NotI digestxon. 



4. Co4 

10 TI: two NotI inserts from plasmids pKV4 and pKClB 

were mixed at a concentration of 2.5 ng/ml each in 
microinjection buffer, and co-injected into the pronuclei of 
half day mouse embryos as described in previous examples. 
Resulting transgenic animals contain transgene inserts 

15 (designated Co4, product of the recombination shown in Fig. 
45) in which the two fragments co- integrated. The 3' 3 kb of 
the P KV4 insert and the 5-3 kb of the pKClB insert are 
identical. Some of the integration events will represent 
homologous recombinations between the two fragments over the 3 

20 kb of shared sequence. The Co4 locus will direct the 

expression of a repertoire of human sequence light chains m a 

transgenic mouse. 

The foregoing description of the preferred 
embodiments of the present invention has been presented for 
25 purposes of illustration and description. They are not 

intended to be exhaustive or to limit the invention to the 
precise form disclosed, and many modifications and variations 
are possible in light of the above teaching. 

All publications and patent applications herein are 
incorporated by reference to the same extent as if each 
individual publication or. patent application was specifically 
and individually indicated to be incorporated by reference. 

Although the present invention has been described in 
some detail by way of illustration for purposes of clarity of 
understanding, it will be apparent that certain changes and 
modifications may be practiced within the scope of the claims. 
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WHAT IS CLAIMED IS: 



TRANS GENE CLAIMS 

1. An isolated immunoglobulin heavy chain 
5 transgene that is expressed in B cells of a transgenic 

nonhuman animal containing at least one integrated copy of a 
polynucleotide comprising a DNA sequence of the formula: 



10 
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CV H )x-(D) y -(J H ) z -(S D ) m -(C 1 ) n -[(T)-(S A ) p -(C 2 )] q 

wherein x, y, z, m, n, P, and q are integers and x is 2-100, 
n is 1-10, y is 2-50, p is 1-10, z is 1-50, q is 0-50, and m 
is 0-10. 

2. A transgene of Claim 1, wherein said 
polynucleotide comprises at least one heterologous D gene 
segment that can be incorporated into a functionally 
rearranged V-D-J sequence. 

20 3. A transgene of Claim 2, wherein said 

heterologous D gene segment contains at least one human D 
gene . 

4. A transgene of Claim 1, wherein said 

25 polynucleotide comprises a human m C h gene segment and a human 
1\ C H gene segment. 

5. A transgene of Claim 1, wherein q is at least 
1, m is at least 1, n is at least 1, and said polynucleotide 

30 comprises at least about 50 basepairs of a segment immediately 
upstream of a germline switch sequence. 

6. A transgene of Claim 5, wherein said 
polynucleotide comprises about 200 basepairs of sequence 

35 immediately upstream of a human germline 7 2 switch sequence. 

7. A transgene of Claim 1, wherein a S D segment is 
a 7 1 switch sequence. 
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i .ransaene of Claim 1, wherein said 
8 . a transgen * 20Q basepai rs naturally 
polynucleotide comprises ao se quence, and wherein 

upstream of a human germlme Ti -J ^ 

said 200 basepairs are operably linked 
5 sequence* 

„f claim i. wherein said D region 
9 A transgene of Claim x, 

comprises only heterologous D genes. 

. of Claim 9, wherein said D region 
10. A transgene of Claim », 

comprises only human D genes. 

1X . A transgene of claim ~^«> produce a 
polynucleotide is ° 
15 rearranged V-D-J gene segment that 
region gene sequence. 

transgene of Claim X in the of 

13 A transonic non-human animal of claim 12. 
wherein said transgene is rearranged. 

M . A transgenic non-human animal of claim 12. 
2S wherein said transgene is unrearranged. 

15 . A transgenic non-human animal of Claim 14. 
wherein sa" B cells produce a heterologous ant>hod y . 

30 wherein said B cells produce a populate of hetero 
' ^tibodies of Bore than one isotype. 

17 A transgenic non-human animal of Claim ,12. 
17. a x»taii^ regions. 
35 wherein said transgene encodes V B . D. J.. 

« A transgenic non-human animal of Claim 12 
wherein said non-human animal is a rodent. 
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19. A transgenic non-human animal of Claim 12 , 
wherein serum of said animal comprises human antibodies that 
contain a recognizable D region gene sequence. 

5 20. A transgenic non-human animal of Claim 12, 

wherein at least one lymphocyte of said animal contains a mRNA 
encoding a heterologous immunoglobulin chain. 

21. A transgenic animal of claim 20, wherein said 
10 mRNA contains a recognizable D region gene sequence. 

22. A transgenic animal of claim 21, wherein said 
mRNA contains a functionally rearranged V-D-J sequence. 

15 23. A transgenic animal of claim 12, wherein said 

transgenic animal comprises heterologous antibodies which 
comprise a human-sequence m chain and which specifically bind 
to an antigen. 

20 24. A transgenic animal of claim 23, further 

comprising heterologous antibodies which comprise a human- 
sequence 7 chain and which specifically bind to an antigen. 

25. A transgenic animal of claim 24, wherein the 
25 antigen is a human antigen. 

26. A transgenic animal of claim 25, wherein the 
human antigen is CEA or a human blood cell antigen. 

30 27. A transgenic nonhuman animal comprising a human 

transgene of claim 1, wherein 1:hie transgenic animal further 
comprises lymphoid tissue containing a population of mRNA 
species having somatic mutations clustered in CDR regions of a 
variable region encoded by an immunoglobulin transgene . 

35 

28. A transgenic nonhuman animal of claim 27, 
wherein the immunoglobulin transgene is a heavy chain 
minilocus corresponding to HC1. 
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29 A hybridoma comprising a transgenic non-human B 
cell fused with a second cell capable of ^r^in^ B 
cell, wherein said hybridoma produces a monoclonal anybody 
heterologous to said non-human animal. 

30 A hybridoma of Claim 29 wherein the 
heterologous' antibody comprises a human heavy chain containing 
a recognizable D region gene sequence. 

31. A hybridoma of Claim 29 wherein said B cell is 
of murine origin. 

32. A hybridoma of Claim 29 wherein the monoclonal 
antibody binds to a human antigen with an affinity of at least 



15 IX 10 7 M" 



7 m-1 



33. A human monoclonal antibody produced by a 
hybridoma of Claim 29. 

34 A transgenic non-human animal having serum 
20 comprising detectable heterologous antibodies and having at 
least one suppressed endogenous immunoglobulin locus. 

35. A method for producing heterologous 
i^unoglobulins from a transgenic nonhuman animal the animal 
25 having a genome comprising germline copies of at least 
transgene of Claim 1, the method comprising: 

suppressing an endogenous immunoglobulin locus; 

contacting the animal with a preselected antigen; 

30 "* collecting said heterologous immunoglobulins. 



36. A method according to Claim 35, wherein 
suppression is produced by an antisense polynucleotide. 

37 . A method according to Claim 36, wherein the 
antisense polynucleotide is transcribed from an integrated 
antisense transgene. 
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38. A method according to Claim 37, wherein 
transcription of the antisense transgene produces a transcript 
containing an antisense sequence linked to a second sequence. 

5 39. A method according to Claim 37, wherein the 

non-human animal has a genome comprising germline copies of at 
least one light chain immunoglobulin transgene. 

40. A method for suppressing at least one 

10 endogenous immunoglobulin locus in a transgenic non-human 

animal, comprising the steps of: 

introducing an antisense transgene into a non-human 

animal to produce a non-human transgenic animal bearing an 

antisense transgene; 
15 transcribing antisense RNA from the antisense 

transgene in vivo; 

hybridizing the antisense RNA to a polynucleotide 
containing an endogenous immunoglobulin sequence; and 

inhibiting expression of an endogenous 
20 immunoglobulin chain. 

41. A method of Claim 40, wherein said antisense 
transgene contains a nucleotide sequence that is homologous to 
an endogenous kappa chain immunoglobulin gene sequence. 

25 

42. A method of Claim 40, wherein said antisense 
transgene contains a nucleotide sequence that is homologous to 
an endogenous heavy chain immunoglobulin gene sequence. 

30 43. A method for inactivating an endogenous 

immunoglobulin gene, comprising the steps of: 

integrating a targeting vector into an endogenous 
immunoglobulin gene; and 

selecting for a cell bearing an integrated targeting 

35 vector. 



44. A method according to Claim 43, further 
comprising the step of: 
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generating a line of non-human animals bearing a 
copy of the integrated targeting vector. 

45. A method according to Claim 43, wherein the 
5 endogenous immunoglobulin gene is a light chain gene. 

46. A method according to Claim 45, wherein the 
light chain gene is a kappa light chain gene. 

10 47. A method according to Claim 43, wherein the 

endogenous immunoglobulin gene is a heavy chain gene. 

48. A method according to Claim 43, wherein the 
endogenous immunoglobulin gene is a murine immunoglobulin 

15 gene. 

49. A method according to Claim 44, wherein the 
non-human animal is a mouse. 

20 50. A method according to Claim 49, wherein the 

mouse further comprises a human immunoglobulin transgene of 
Claim 1. 

51. A method according to Claim 43, wherein the 
25 cell is an embryonic stem cell. 

52. A method of generating a non-human animal 
having an inactivated endogenous immunoglobulin gene, 
comprising the steps of: 

30 breeding a line of non-human animals generated by 

the method of Claim. 44; and 

identifying individual non-human animal offspring 
that are homozygous for an inactivated immunoglobulin gene. 

35 53. a method according to Claim 52, wherein said 

offspring have an inactivated heavy chain immunoglobulin gene 
and at least one inactivated light chain immunoglobulin gene. 
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54. A transgenic non-human animal with an 
inactivated endogenous immunoglobulin gene. 

55 . A non-human animal of Claim 54 wherein an 
5 integrated targeting vector is present in germline OKA. 

56. A non-human ani-1 of Claim 55, wherein a light 
chain immunoglobulin gene is inactivated. 

-i n * pi aim 55. wherein a heavy 
LQ 57. A non-human animal of Claim so, 

chain immunoglobulin gene is inactivated. 

58 A non-human animal of Claim 55 which is 
homozygous for at least one inactivated endogenous 
15 immunoglobulin gene. 

59. An antisense transgene comprising a nucleotide 

lflmonfarv to a polynucleotide sequence 
sequence that is complementary to a p y 

that is substantially identical to an immunoglobulin gene 
20 sequence. 

SO. A transgenic non-human animal bearing an 
antisense transgene of Claim 59. 

61. A transgenic non-human animal comprising a 
functionally disrupted endogenous heavy chain locus and a 
heTrol^ous immunoglobulin heavy chain transgene wherein 
said anilal maXes an antibody response followmg _»t»» 
with an antigen. 

30 62 A . transgenic non-human animal of Claim 61, 

wherein said functionally disrupted endogenous heavy chain 
Torus is a Jh region homologous recombination KnocKout said 
hlteroUous immunoglobulin heavy chain transgene is the HCl 

35 human BiLgene transgene, and said antigen is a human antigen. 



63 A transgenic non-human animal of claim 61, 
wherein the antibody response comprises a population of 
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antibodies which comprise human p chain-containing 
immunoglobulins and human y chain-containing immunoglobulins. 

64 A transgenic non-human animal of Claim 63 , 

5 wherein the heterologous antibodies comprise a population of 
heterologous immunoglobulins which comprise somatic mutation 
in the variable regions which cluster in the CDRs. • 

65 A transgenic non-human animal of Claim 63, 

10 wherein the antigen is selected from the group consisting of 
human blood cell surface antigens, KLH, and human CEA. 
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CCGCCCCAQC TGCTTTGCAT GrCCCTOXA- GCCGCCCTGC ACTCCAGftGC 50 

rrtATATTAATt GGCTGGGTCA. GAGCTCTQSi GAAG&GCTGC TCAGTTAGGA 100 

ACCOCAGAQG GAJiCCATGGA AACCCCAGCG C2GCTTCTCT TCCrOCTGCT 150 

MstGl uThrProAla GlnLeuLeuP heLeuLeuIe 

ACICTCGCTC CCAGgtgagg ggaacatggg atggttttgc atgtcagtga 200 
uleuTrpIeu Pro 

aaaccctctc aagtcctgtt acctggcaac tctgctcagt caatacaata 250 

attaaagctc aatataaagc aataattctg gctcttctgg gaagacaatg 300 

ggtttgattt agattacatg ggtgactttt ctgttttatt tccaatctca 350 

gMaOTGOG GAGAAAITCr GTCGACGCAG TCICCftGGCA CCCTGTCTIT 400 
AspThrThrG lyGluIleVa iieirlhrGln SerProGlyT hrl^uSerle 
GTCTCCAGSG GAAAGAGCOV CCCICTCCIG CAQGGOCAGT CA£AGTGTm 450 
uSerProGly GluArgAlaT hrLeuSerCy sArgAlaSer GlnSerValS 
QCAJ3CAGCTA. CTTAGXTGG TACCAGCASV AAOCTGGCXA GGCTCCCAGG 500 
erSerSerTy rLeuAlaTrp TyrGlnGlnL ysProGlyGl nAlaProArg 
CTCCTCaSCT. ATQGTQCATC CAGCAGGGCC ACTGGCftTOC C&GACAGGTT 550 
LeuLeuIleT yrGlyAlaSe rSerArgAla ThrGlylleP roAspArgPh 
CAJ3K3GGAGT GQGTCTQGGA CAJSACTTCAC TCTCAOCATC AJ3CAGACTGG 600 
eSerGlySer GlySerGlyT hrAspPheTh rLeuThrlle SerArgl^uG 
AJSCCTGAftGA TnTGCAGTG TKTEACTGTC AGCRGIATGG TAGCTCAOCT 650 
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AAACACATIC TCTGCAGACA AATTTGAGCT AOCITGATCT TACCTGG£A 50 

GGTQGGGACA CTCAGCTCGT GCTGAGTIAC TCAGATGCGC CAGCTCTGCA 100 

GCTGTGCCCA GCCK3COCCA. TCCCCTGCIC MTIGCATGT TCCCAGAGCA 150 

CAACCTCCTG COCTCAAQCC trwrTAATlAG GCTGGTCAGA CTTTCTGCAG 200 

MstAs pMstJtegVal LeuAlaGlnL 
TOCTQGGQCT CCTGCTQCTC TGTTTCCCAG gtaaggatgg agaacactag 300 
euLeuGlyLe uLeuLeuLeu CysPhePro 

cagtttactc agcccagggt gctcagtact gccttactat tcagggaaat 350 

tctcttacaa catgattaat tgtgtggaca tttgttttta tgtttccaat 400 

ctcagGTQOC TCTAGATSC CCAGTCTOCA TCCTCACTGT 450 

GlyAla ArgCysAspI leGlitffetTh rGlnSerPro SerSerlxsuS 
L'lT^CftlCJSI AGGRSOGA GTCAJXATCA. CTTGTCGGGC (SGTCAGGGT 500 
erftlaSerVa lGlyAspArg ValThrlleT hrCysArgAl aSerGlnGly 
ATTAGCAGCT GGTTAQOCTG GTRTCAGCAG AftAOCAGRGA MGCCCCIAA 550 
IleSerSerT rpLeuAlaTr pTyrGlnGln LysProGluL ysAlaProLy 
GTCOCTGATC TMX3CTQCAT COiGTTTGCA AAGTGGGGTC CCATCAAGGT 600 
sSerLeuIle TyrAlaAlaS erSerLeuGl nSerGlyVal ProSerArgP 
TCAQCGGCAG TGGATCTGGG A£^GATTTCA CTCTCROCAT CSGCAGCCTG 650 
heSerGlySe rGlySerGly ThrAspPheT hrLeuThrll eSe rSer Leu 
CAQOCTGaAG ATTTTGCAAC TTKTTRCTGC CAACAGTAIA, ATAGrTAOX 700 
GlnProGluA spPheAlaTh r TyrTvrCys GlnGlnTyrA. snSerTyrPr 
arrt-arafTTYl TTRCZOCOC AAfeSaS3xCAQQGaA GCRGATGTGT 750 

o 

GAGQCTCQQC TGCCCCAQCT QCTTCTOCTG ATGOCTCCAT CftQCTGAGRG 800 

tchxttcag atqcagcxk; ahtctgatog TGTTQSEAGA TGGGGAC 847 
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